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A 
ROCHESTER, KENT. 
and 72, Cannon Street, Lonpon. 
ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY, 
BAM WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY. 6030 


A. Gg. miord, Lt. 


OULVER STREET WORKS, COLCHESTER, 



















On ADMIRALTY aND Wak OrrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, page 33. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Auxillary ye | as supplied to the 
Admiralty. 
He2y Butcher & Coa., 
VALUERS anp AUCTIONBERS, 
Specialising in the 
BNGINEERING, FOUNDRY & METAL TRADES. 
Also for 
PLANT AND MACHINERY. 
63 anp 64, CHANCERY LANE, 
LONDON, W.C. 2. 
"Phone: Holborn 2295. 6391 
Telegrams : Penetrancy, Holb., London. 
ranes.—Electric, Steam, 
HYDRAULIC and HAND. 
of all Y, s and sizes. 
GEORGE RUS ELL & CO., Lrp., 
Motherwell, near Glasgow. __ _ 6451 
STEEL TANKS, PIPES, GASHOLDERS, &e. 
hos. Piggott & Co., Limited, 








BIRMINGHAM. 4457 
See Advertisement last week, page 114. 
P lenty and on, 
LIMITED. 
MARINE ENGINEERS, &c. 
Newsury, ENGLAND. 9983 





ank Locomotives. 
Specification and Workmanship equal to 

Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 6450 


he Glasgow Railway 
Engineering Company, 


GOVAN, GLASGOW. 
London Office—12, Victoria — 8. w. 


MANUFACTURERS © 
LWAY © a WAGON AND TRAMWAY 


REELS & AXLES. 
CARRIAGE 4 & WAG: N IRONWORKS, also 
__CAST-STRBL AXLE BOXES. | 6839 


& W. MacLellan, Limited, 


CLUTHA WORKS, a ged 


MANUFACTURERS 0) 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


WAY IRONWORK, BRIDGKS, ROOFING, &c. 
Ohief Offices : 129, Trongate, @uascow. Od 8547 
ed Offices: 1084, Cannon St., London, E.C. 


er, Horsey,Sons & Cassell, 
SPECIALISTS 
in the 
SALE AND De rasa 
PLANT AND MACHINERY 


and 
ENGINEERING WORKS. 
HIGH! HOLBORN, LONDON, 


vine: ble (j2use (F lasses. 


BUTTERWORTH BROS, Ltd., 
Vewton Heath Glass Works, 















w.c. 1 








Manchester. Od 9753 
Iron and Steel 
lubes and Frittings. 


6145 


Scottish Tube Co., Ltd., 


Orrick : 34, Robertson Street, Glasgow. 


2179 “¥ achts, Launches, or Barges, 


SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPEEDS re TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
BXcEprTiovaL SHALLOW DRAUGHT. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 
Columbia, 
SHIPBUILDERS, Suip REPAIRERS AND ENGINEERS. 





MILLWALL, LONDON, B. 1216 


GewernaL ConsTRUCTIONAL BNGINEERS, 


Boilers, Tanks & Mooring Buoys 
Sramis, Perro. Tanxs, Are Recervers, STEEL 
Curmyeys, Riverep STeaM anp VENTILATING PIPES, 
Hoppers, SPECIAL Worx, REPAIRS OF ALL Kinps. 





(Sampbells & Homer, L 4 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up te 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Built complete with Steam, Oi) or Petrol 
Motors,; or Machinery supplied. Od 3551 
vos PER & co., . LtD., ban STREET, . PorTsMOUTH 


Gheet Met Qtamy pin or 


GARTSHERRIE RNGINRERING Fy hase S00. 





60, WELLINGTON SrreET, GLascow. 6205 
QO! free! A Ppliances. 
f PRESSURE, 
SYSTEMS < AIR, 
| STEAM. 
FOR BOLLERS OF ALL TYPKS. 
Kermodes Limited, 
35, Tae TEMPLE, DALE STREET, LIVERPOOL ; 
an 
109, Fencuurncu Street, Lonpon. 4078 


NAVAL OUTFITS A SPECIALTY 


ocomotives Tank Engines 
signed and constructed wy, 

MANNING, “WARDLE AND COMPA LIMITED, 

Boyn e Engine Works, Leeds. Od 2487 

See their Illus. y Advertisement, page 125, last week. 


MULTITUBULAR AND 
ochran CROSS-TUBE TYPHS. 


* ‘Boers. 
See page 107, March 1. 6455 


RAILWAY CARRIAGES, ELECTRIC CARS, &c. 


ba Nelson & (Co L ‘4 


THe Giascow Roiiine Srock ayp PLanT Works, 
_MorHERWELL. _ Oa 3383 


. ‘ ; eele™ 
MACHINE BELTING 
Drivize 


(Jonveying 


Fy leveting 














SoLk ManNuFacTURERS 


Les & Ty lor, Ltd., 





CARDIFF. 6265 
Lowpon. MANCHESTER. GLaseow. 
N ew Chicago Automatics. 
Three Sizes, Delivery from Stock. 


NEW CAPSTANS, 1} in, through the wire feed. 


JOHN MAONAB, Mary Srneer, Hype. 
6102 


I[tubes, Iron and Steel. 
Edwin Lewis & Sons, Ltd., 
Wolverhampton. 


[['ubes 


6408 


ie itt ngs. 
tewarts and [| loyds, [| td., 
Ss Liv L 


Glasgow and Birmingham. 


and 


See Advertisement page 84. 6462 


Rubber 


Belting 


"MANUFACTURERS 


GUTTA PERCHA & RUBBER, LIMITED 
Toronto - - 


Canada. 5018 
CO? p lants ( 


GARBON ) 

DI--OXIDB 
for Chemical & Mineral Water Mires. & Breweries. 
Reap & OamPBELL, Ltd., 109, Victeria St., Londen, 
8. W. Telegrams— ‘Valorem, Lenden.” 


CO? F Fre Fixtincteurs 


for Publicand Private Bidgs., Hlectric Railways, &c. 
THe Barvisu Fink AprPLiances Co... .Lta., 108 Vv: torte 
8t., London, 8.W. Tel a, London.” 


PRubber Stanipe, Stencils, 
Steel Punches, Brands, Wages Boxes, Pa 














Checks, Automatic Numberers and Daters for 
Munition Factories, &e. 
Stencil Ink, all Colours, in Stock. 6082 


ASH RUBBER STAMP CO., Lrp., 
19k, Constitution Hill, Birmingham. 
Telephone—Central 738. Telegrame—*' Sipasu.” 
{team Generating Sets for 
SALE :— 
One 200 Kw., Willans-Mather & Platt, 220 volts or 
440 volts. 
Two 375 Kw., Willans-Siemens, 460/550 volts, D.C. 
nes triple « nsion, 
One Blectrio Capstan, 31 B.HP., 500 volts, D.C. 


motor. 
JENNINGS, 








West Walls, Newcastle-on-Tyne, © 6048 
Builders of [_pcomotives, 
HEAVY and LIGH®. 





All Gauges and Types. 
Address : be ° Department, 
RTER CO., 


at, Battery Place, New York. 
Or R. S. COTTRE L, 
3, London Wall Bidgs., London, England. 
Cable Address—Srarrty, New York. 
New Catalogue 12 A mailed on application. 


R. Y. Pickering & Co., Ltd., 


(EeTaBLISHED 1864.) 

BUILDERS of RAILWAYCARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLHS of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 





London Office : 
3, Vicrorta STREET, WESTMINSTER, 8.W. 


Eel ed 


DESCRIPTIONS. 
FLOATING CRANRS. COAL BUNKERING 
VESSELS. 





Werf Conrad, HOLLAND. 


Agents: MARINE WORKS. FRiaRs 
90-41, New Buoap Sr., LONDON, B.C. 


See half-page Advertisement, last and next week. 








See Advertisement page 29. 


Tel. No. : 78 Hyde. 


Plant) 


Registered at the General PRIOK...9. 
[AE Gpice as 0 Newopaper, | x INLAND =~ lld. 
veling & Porter, Ltd, Y 2rrow & Co., Ltd.,| John Belany, | imited, les Limited, 
$ GINBERS, IRLAM, MANCHESTER, 
FEED WATER HEATER 
CALORIFIERS, HYAFORATORS, Row’s 
CONDENSERS, AiR HEATERS. Parents. 
STHAM axp GAS KETTLES, 
Merrill's Patent TWIN STRAINERS 


Suction 
SYPHONIASTBAMTRAPS. REDUCING VALVES, 
- jt. ass GUNMBTAL STEAM FITTIN as. 

ATER SOFTENING and FILTERING. 6123 


Y atrow Patent 


ater-tube oilers. 


6094 
Messrs, YARROW & OO., UNDERTAKE the 
PRESSING and MACHINING of the various parts 
of Yarrow Boilers, such as the Steam Drea, ater 
Pockets, and Superheaters for British and Foreign 
Firms not rs 06. the necessary facilities. 
YARROW & © _Lrp., Scorsrovn, GLASGOW, 


Matthew p= & (Co. L 4: 


LevenrorD Works, Dumbarton. 6064 
____ See Full Page Advt., page 10, March 8. 
Forsings. 

W alter See & Co., Ltd., 


HALESOWEN, 5549 


Delta Metals. eae 


~ mt on ine ey 
‘or; ng tes —. 


8. Wire, 
Bast Garexwiom, LOM. ON, 8. Be (act Birsaingharn) 


[laylor & (jhallen 


Presses. 
8195 


TAYLOR&OCHALLEN, Lv., Engineers, BinmincuamM 
See Full Page Advertisement March 8th. 








ailway 
G witches and 
e rossings. 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON, 


ement.—Maxted & Knott, 


Lrp,, Consulting Cement Engineers, ADVISE 
ALLY on proposed Cement Schemes FOR 
AND ABROAD. ADVICE ONLY. 


Higneet sancadean. Established 1890, 
Address, BunNerr Avenu Hu. 
Cablegrams: ” Hnergy, ull.” 
[™proved High Pressure 
RENEWABLE DISC GLOBE VALVE, 

See our Advertisement in last week’s issue, page 20, 
BRITISH STEAM SPHCIALITIBS, Lep., 
Bedford Street, Leicester. 


(8 Engines, Suction Plants, 


advice E's DAY DAVIS. Mi M L.Mech. B. Great Bapert 
Road, ae Telephones : Bast. 1350; Stratford 
569. “Tel. Rapidising, London. 11% 


or Sale, Root’s Blower. 


6290 





Sale, 


A 5in., with ring oiling bearings, fast and 
loose pulleys. 
For ‘immediate Dis 
H, J. H. 


KING & to, Lrp., Engineers, pass 


worth, Glos. 


CHANTIBRS & & ATRLINES 


Arerstin - N ormend 


67, de LE HAVRE 

rue Pate} ne 
Dostoayere, Seenete Sa Fochte » and west Boats. 
Bollers, Coal or Oil 
Hngines. 
(jentrifugals. 


Pott, (iascels & Williamson, 
MOTHBRWELL, SCOTLAND. 
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See half-page Advertisement page 87, Feb. 22. ae 
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[the Manchester Steam Users’ 


ASSOCIATION, 

Por the Prevention of Steam Boiler and 
for the Attainment of Economy in the Application 
of Steam. 9, Mouwr Srreer. 

Chief Engineer: 0. B. STROMBYSER, M.I1.0.K. 

Founded 1854 by Sir Witi1aM Fatrparey. 

Ocertificates of Safety issued under the Factory and 
Works: Act, 1901. Oompensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers iaspected during construction. 


( \orrespondence Courses for 
B.Sc., A.M.L.C.B., A.M.1.Meoh.B., A.M.1.B.H. 
Tuition in separate subjects, if desired. 
Thorough, rapid, efficient coaching under my 
personal supervision. 
so a. ewe B.Sc. 


eur 





Eng.), Dept. B. 2, 
oe. Park, K. 12. 
oe IRR A OR ee ee 
[*t. C.E., I. Mech.E., B.Sc., 
and all Engineering Hxaminations.—Mr. G. P. 
KNOWLABS, B.Sc., Assoc. M. Inst. C.B., F.S.L., 
MR.San.1., PREPARES CANDIDATES personally 
er by cerrespondence. Hundreds of successes, 
Courses may cousmence at any time.—39, Victoria 
St., Westminster, 8.W. 6600 











TENDBBS. 
TENDERS. 
THE COMMISSIONERS OF HIS MAJESTY’S 
WORKS, &c., are prepared to receive 


‘Tenders for the Supply 


of HOSB COUPLINGS. 

Forms of Tender, Conditions of Contract 
and all particulars may be obtained on gw 
to THE CONTROLLER OF SUPPLIES, H.M. 
Office of Works, &c., King Charles Street, West- 
minster, Landon, 8.W. 1. 

The Commissioners do not bind themselves to 
accept the lowest or any-Tender. 

Tenders must be delivered before Kleven a.m. on 
Thursday, 2ist March, 1918, addressed to The 
Secretary, H.M. Office of Works, &c., Storey’'s 
Gate, London, 8.W. 1, and endorsed * Tender for 
ITose Couplings.” 

H.M. Office of Works, &c. 

12th March, 1918. K 710 

COUNTY BOROUGH OF BARRKOW-IN- 

FURNESS. 


The Corporation are prepared to receive 


[tenders for the Painting of 

the BASCULK OPENING BRIDGE over 
the Walney Channel, which is 1123 ft. between 
abutments. 

Specifications, Forms of Tender, and any other 
particulars required may be obtained upon applica- 
tion at the Office of the Borough ‘Kngineer and 
Surveyor, Town Hall, Barrow-in-Furness, and 
Tenders, endorsed ** Painting, Waloey Bridge,” 
must be delivered at my Office at or before Twelve 
o'clock noon on the 1ith April, 1918. 

The lowest or anyTender not necessarily accepted. 


By Order, 
L. HEWLBIT, K 715 
Town Clerk. 








APPOINTMENTS OPEN. 

BSSHX COUNTY COUNCIL. 

LEYTON HIGHER KDUCATION COMMITTEE. 
ENGINEERING AND TRADE SCHOOL. 





The Governors of the above-named School invite 


A pplications for the Post of 
A. BADMASTER. Experience in a Trade 
Schoel or a Junior Technical Institute is desirable. 

Candidates must hold the Degree of a British 
University in Kagineering or Science or its equiva- 
lent. Mvening Olasses cenducted in the same 
building will be under the Headmaster’s control, 
and he will supervise Evening Classes of the Junior 
Commercial Institutes. 

Sary £350, rising by annual increments of 220 
to £450 per annum. 

Forms of application, which should be returned 
not later than 24rd March, may be obtained from 
Mr. J. H. NICHOLAS, County Uffices, Chelmsford. 

608 
Analytical Chemist Required, 
to take charge of the Chemical Section of 
Laboratory, controlling machine shops, iron 
foundries and bronze foundry. Candidates must 
have had first-class experience in the analysis of 
high speed, alloy and straight s, and 
thoroughly conversant with the chem ical laboratory 
work in connection with iron and bronze foundries, 
including the controlling of cupolas. Applicants 
should f ve fall particulars of their training and 
particularly their foundry experience; also state 
age and salary required. The position is perma- 
nent and holds rospects. fcr a suitable 
inan.—Apply, ALFRED HERBERT, Lrv., Machine 
Tool Makers, Kdgwick Works, Coventry. K 605 


A sistant Chemist, Ineligible 
for Military service, WANTED for iarge 
Bagineering works in Newcastle-on-Tyne dipteict, 
one accustomed to analyses of iron and steel or 
brass and other non-ferrous alloys. No person 
already on Government work will be engaged. 
State age, qualifications and salary required to 
your nearest BMPLOYMENT BXOHANG 3, men- 
thoning No. A 4856. K 689 


W anted, Assistant Chemist, 

experienced ia the analysis of metals, oils, 
Seaps, paints, organic compounds.—Write, stating 
ge, experience, and salary required, te K 715, 
Offices of Ev@rneerine. 


A ssistant Metallurgist 
REQUIRED in large Engineering Works. 
No person already on Government work will be 


engaged. Apply, statin , full particulars of 
trainin ond salvar = } rere 


, to your nearest EM- 
PLOYMBNT RXC QR, srentlening Ne. A 7. 
ae 567 








| training, one who can manage men wisel 


CORPORATION OF CALCUTTA. 
WATER WORKS SUPERINTENDENT. 


A Pplications are Invited for 
the post of SUPERINTENDENT in the 
Water Works Department of the Corporation of 
Caloutta, on a Cag? 4 of Its. 400/-, rising by annual 
; increments of Rs. ( to Rs. 500/- per month, with 
a fixed conveyance a nee of Rs, 50/- per month. 
Applicants must ess a good all-round experi- 
ence of some large Water Works and should be well 
up in waste prevention and pipe-laying. They 
should also have a good knowledge of plumbing 
and some knowledge of building work. 
In the case of a candidate selected in the United 
Kingdom, second-class e from London to 
Calcutta, with half pay on the voyage will also be 
but he will have to submit to a medical exami- 
nation in London. : 

The m appointed will be subject to the leave 
and other rules in force in the Corporation, and will 
be required to subscribe to the Provident Fund. 

Applications, stating age and qualifications, and 
giving full particulars of experience, together with 
copies of testimonials and accompanied by a 
medical certificate of recent date, showing that 
the candidates are of sound constitution and in 
good health, and addressed to the Secretary, Muni- 
ci Office, Calcutta, will be received up to the Ist 

ay, 1918, or up to the date of the receipt in 
Calcutta of letters posted in the United Kingdom 
on or before the 15th March, 1918. 

Cc. C. CHATTERJEE, Secretary, 
Corporation of Calcutta. 
5, Corporation Street, Calcutta, 
lth January, 1918. _K 619 


WANTED, for large Engineering Works, 
comprising machine and anvil smith shop, grey 
and malleable iron foundry, machine shop and 

alvanising department. © person already on 
Go vccans work will be engaged —Apply, giving 
full particulars as to previous expemence and 
sala: sores. te your nearest EMPLOYMENT 
EXCH GB, mentioning No. A 4799. K 


GQuperintendent Wanted, to 
AKE CHARGE of modern machine shop, 
mainly engaged on manufacturing heavy mill 
machinery. Applicant is expected to introduce 
Premium Bonus system and modern methods, and 
must be able to turn out sound work on keen com- 
petitive lines. Must be six o'clock man. First- 
class prospects for the right man. No one on 
Government work will be emplo ed,—Apply, giving 
particulars of experience, sa 5 uir and 
when available, to your nearest EMPLOYMENT 
BXCHANGE, quoting K 733 and this Journal. 


(jeneral Manager Required 
for engineering works in North Loadon, 
manufacturing small parts, good organiser and 
thoroughly conversant with up-to-date methods of 
production. Only those with sound technical and 
mechanical knowledge need apply.—Write, stating 
age, experience and salary required, to G.M., care 
¢ TAYLen’s Advertising Offices, 30, Fleet — 
.C. 4, 


ssistant Works Manager 
Pp 








Cc 
Proundry Manager Wanted. 


Must have had practical and theoretical 
and 
ingtil into them the destre of producing efficient 
work a machine tool work. Foundry em- 
ploying 170 to 200 men.— Address, K 754, Offices of 


ENGINRERING. 
Dae SUPBRINTENDENT REQUIRED 
for the Nigerian Government Railway 
for two tours with possible extension. Salary 
£300-210-2£350 and a war bonus in certain circum- 
stances. Free quarters and first class passages. 
Liberal Jeave in England on fullsalary. Candidates, 
e between 25 and 45, with experience in running 
sheds and drawing office, should apply at once (by 
letter) to the Crown Agents for the Colond 4 





ssistant Locomotive 


K 603 | mentioning No. A 4882. 


55 | experience, sala 


anted, First-class Designer 

for High S Internal Combustion 

Engine Department of an old-established firm in 

Loudon Distwict. Permanency for a suitable man. 

No one already employed on Government work or 

jeont more than ten miles away will be engaged. 

Write, stating previous ex ce and salary re- 
quired.—Address, K 697, of ENGINEERING. 


Ap Important Swiss Engi- 


gooring Works, specialised in Silico 
Oalcareous a Aggiomerate Brick and Cement 
Manufacturing Plants, in Paste Goods Factories, 
and in Machinery for Bread Making and Baking, 
REQUIRES an experienced ENGINEBR for Great 
Britain. One who bas had previous connections 
with Switzerland preferred.—Send application to 
BUHLER BROS., Uzwil (Switzerland). K 621 


Wanted, Experienced Jig 


AND TOOL DESIGNERS for large 
Electrical Works in the Midlands. Knowledge of 
Press Tools an advantage. Good salary and per- 
manency to really capable men —Apply, stating 
age, experienceand salary — , to your nearest 

MPLOYMENT EXCHANGE, mentioning this 
paper and No. A 4896. Nobody already engaged on 
overnment work will be engaged. K 739 


DPraughtsman Wanted, 


capable. Must be experienced in construc- 

tional work ma —_ See. : —, ag 
over 25 years old.—Apply, stating sa required, 
age, and- full experience, to ALLOY WORKS, 
‘owlands Gill, Co. Durham. K 727 


PD 2ughtsmen ‘(Jig and Tool) 


WANTED for high-class Aero Bagine 
Repetition Work. Must have good machine shop 
and some drawing experience. Good salary and 
overtime pay for keen, practical and intelligent 
men. No juniors need apply. Persons alread 
employed on Government work will not be en 2 
—Apply, nearest EMPLOYMENT EXCHANGE, 


K 725 

















Draughtsman Wanted, for 
* London Engineering Works, some knowledge 
o( chemical plant preferred. No one engaged on 
Government work or residing more than ten miles 
away need apply.—Write, stating age, experience 
and salary required, to K 759, Offices of EnaanrErrine. 


D‘2ughtsman Wanted, for 

Work of National importance. One with 

knowledge of wood yacht or ship construction 

essential. No person already on Government work 

wild be enga og! to your nearest EMPLOY- 

og BXCHANGHE, mentioning this Journal and 
760. 





ai 
anted, by Large Firm of 
‘  Blectrical Kngineers London, an ex- 
perienced DRAUGHTSMAN, used to detailing 
dynamo and motor parts. No one employed on 
overnment work need apply-— Apply: stating 
required, and when at liberty, to 
your nearest EMPLUYMENT EXCHANGES, quot- 
ing No. A 4874. K 734 


hief Draughtsman 

specially high-class experience j am 
electric ships” deck machinery, extensiva : 
rience in crane and general work, accuste 
first-class practice, also estimating and 
Sestet tM aut wii “ieetr oo 
ant Ma progressive ». Mi 
salary £26 per week. ould consider Pa 
with Consulting Engineer.— Add: 
of ENGINEFRING. 


[)t2ughtsman, Mechanii 
Engineering, with experience in 
Design and modern methods, WANTED, for 
trolled Factory; ineligible. No person , 
employed upon Government work wil! be e 
wae icants must PpRie to their neare 
PLOYMENT EXCH E, mentioning 
NEERING and K 589, Apply, with copies of 
testimonials, stating age, experience and 
expected. Be 


- A 
raughtsman Wanted, 
Firm in Midlands, accustomed to St uf 
and Rivetted Work. A knowledge of 
Softening Plants and Feed Water Heaters % 
advantage but not essential. Ineligible fora 
No one already on Government work will be 
ployed.—Apply, stating age, seporence and 
uired, to your nearest EMPLOYMENT § 
CHANGE, quoting this Journal and K 5%. 


anted, Experience 
DRAUGHTSMAN for elevator and @ 

veyor work on important Government conts 
No person resident more than 1@ miles away. 
already on Government work will be en 

Reply, stating age, experience, salary requi 

when at liberty to BOX 516, T. B. Brow 
Advertising Offices, 168, Queen Victoria Sts 
4. KS 





~—s 


rest, K 596, € 





w 








K.C 





anted, Immediately 
LEADING DRAUGHTSMAN for imp t 
Regmorting Concern situated in the Home 
Counties. Preference would be given to a 
with sound general engineering experience 
accustomed tu handling technical correspond : 
The position is permanent and offers excellent 
prospects for the right man. No one on Go - 
ment work will be engaged.—Apply, stating age © 
oes and salar: uired to the ne 
EMPLOYMENT BXCHANGE, mentioning ‘ 
Journal and K 731. “a 


raughtsman Kequired, with ” 
good experience in des of Steel 
Machinery preferred, although appiications 
high-class men with other experience would 
considered. No one already on Government 
will be engaged.—State age, experience and 
required and when at liberty, to your 
EMPLOYMENT BXCHANGE, quoting No. “ 








4 
be 


‘a 
3 


n Opportunity Occurs in 

large Acten Worke for several JIG AN 

TOOL DRAUGHTSMEN. Must be neat, qui 
and have a knowledge of small accurate 

one must have a good knowledge of Autom 





Wanted Immediately, a Chief 


DRAUGHTSMAN for Drawing Office of a 
firm manufacturing Aeroplanes (engines excluded) 
to Government designs under A.B. control. Only 
those experienced with aircraft need apply. No 
periton on Government work will be enge ed.— 
apply in first instance, to your nearest E OY- 
: T EXCHANGE, quoting ENnGiNeERING and 

732. 


anted Immediately, for 
War Office Department in London, first- 
class DRAUGHTSMEN, accustomed to Crane, 


Blevator or General Engineering work. No one 
already employed on Government work will be 


engaged. State age, sa and experience to your 
tc EMPLOSMENT BXOHANGE, quoting 





Millbank, London, 8.W. 1. Men engaged ‘on 
Government werk or eligible for military service 
need not apply. K 735 


W anted, Temporarily, for 
firm apes with production of non- 
ioflammable Celluloid and imitation Horn, an 





K 638, and this Journal. 


irst-class Draughtsmen 

with eneral experience WANTED by 

lar; — —!. ope pe caleaen nae aie 
iculars of experience, an 

Sealed Giucbusive of War Bonus), J 348, Offices of 

INEERLNG J 348 








ENGINEGR with experience of special y 
for this elass of work and able to deal with colour 
effects in material. Must have experience of 
Electrical Steam and Water Power. Good salary to 
fully qualified man.—Address, stating full par- 
ticu of experience, EXCLUSIVE BOX 382, care 
of MircHE.u’s Advertising Agency, 1, Snow _— 
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E.C. 1. 

Representative Wanted by 

slat arge ss 3 Ss and ogre 
t 

North of England. Must be st guia estes ena 


undoubted integrity, and possess engineering know- 
ledge. District to be covered: Northumberland, 
Durham, and Cleveland. No person already on 
Government work will be engaged.—Apply in the 
first instance, stating age, experience and salary 
required, to K 625, Offices of ENGUYEFRING. 


Agents Wanted for Aerial 
/ ROPEWAYS in Mining and Quarrying 
Districts: No one already representing Ropeway 
firms need apply.—K 741, Offices of ENGrnerRine. 


: ; 4 

anted, Klectrical Engineer, 

for large Iron and Steel Works on North- 

Bast Coast. tical and technical experience 

essential in H.T., three-phase and D.C. machines. 
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—State age, experience and salary expected 
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A® Experienced Mechanical 


ENGINEER (young) WANTED for Mills at 
Rangoon. Slight disablement will not debar dis- 
charged soldier. No person already engaged on 
Government work will be engaged.—Write BOX 
33, Ler & Nientineare, Liverpool. K 156 














Wanted Metallurgical 
CHEMIST, to take complete charge of new 
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5 a BA a — 
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anted, for Engineering 
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good Civil Engineering DRAUGHTSMAN, 
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struction, ineligible for Military Service.—Apply 
by letter, stating age, salary uired, full particu- 
tars of ex mee, and enclosing copy of recent 
lestimonials, to BOX 1095, WILLINe’s, 125, omens, 


London, W.C, 2. 
[lechnical Assistant or 
DRAUGHTSMAN, having Civil or Mechani- 

cal Engineering knowledge and some experience 
in main laying or small construction works in 
ublic roads, REQUIRED, inthe Hydrants Section, 
mdon Fire Brigade. Must be ineligible for 
military service and not already in Government 
employment. Weekly Wage not exceeding £3.— 
Apply to CHIBF OFFICER, London +" rigade, 

K 





Headquarters, Southwark Bridge Road, 





Dtaughtsman and Junior 
WANTED, at Once, for urgent War work. 
Furnace and structural experience preferred but 
not essential. Progressive firm, Also LADY 
TRACERS. Write, stating age, experience and 
salar. uired. No one at present e on 
Government work will be employed.— ly to 
your nearest EMPLOYMENT EXCHANGE, men- 
tioning K 751 and this Journal. 


pz: htsman (Electrical), 


WANTED, for the Midlands, Preference 
ven to men with experience in the design of 
.C. and. A.C. machines or transformers.—Apply, 
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this Journal and No. A 4895, Nobody engaged on 

Government work will beengaged. ----_ «740 

[ptaughtsmen (Skilled De- 
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et) WANTED, by « leading Firm of 
Const Steel M my 
those 
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not already 
within a radius of ten miles need apply.— 





on Government work and 
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ENGINEERING. 2 
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[2ughtsman Required, 


Controlled Blast Furnaces and ne 
on the North-East Coast. Men already on Gover 
ment work need not sppl .—Apply your n 
EMPLOYMENT EXCHANGE, stating age, 
perience and salary required, quoting No. A 


[taughtsmen (Two) Require 
on Machine Tool Work. First-class 
need only apply. Permanency for suitable ap} 
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be engaged.—Apply, with full particulars, to ¥ 
nearest EMPLOYMBNT EXCHANGE, quot 
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anted a Thoroughly Exe9 
periénced MILLWRIGHT DRAUGHTS 
MAN, aceustomed to all kinds of Mill G 
No one already on Government work will 
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io maarent EMPLOYMENT EXCHANGE, « 
tioning this Journal and K 70. 


I ondon Engineering Firm 
REQUIRES DRAUGHTSMAN, with 
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Government work or resident more than ten mies 
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and salary required.—Address, K 695, Offices . 
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WHIRLING AND WHIP OF A 
REVOLVING SHAFT. 


By G. GREENHILL. 


A sHart between bearings is said to “ whirl” 
when revolving so fast that the straight form 
becomes unstable, and the central axis begins to be 
deflected slightly from the straight in a wavy curve. 

An overhanging tail shaft, carrying a body such 
as a screw propeller, will also deflect from the 
straight when the revolutions exceed a certain 
number, and the propeller and shaft are then said 
to “ whip ” 

This second problem of the whip of a shaft and 
propeller has been examined recently by Mr. A. 
Fage, in ENGINEERING, July 20, 1917, page 53, and 
applied to a number of interesting practical numeri- 
cal cases. 

His treatment is based on the use of Lagrange’s 
“Equations of Motion,” a method which appears 
to-day to be considered safe to entrust to the 
mathematical novice, to judge by its constant 
appearance in recent examinations. 

But this analytical method is a delicate sharp 
tool, and apt to cut the fingers of the inexperienced 
beginner; even Lagrange himself cannot be said 


, 


r 


Fig. 


a! 2N2 
wa7+** N2 y, 


if y varies as —— 2 Nt; making N (double) cycle- 


vibrations/second; and in the revolving shaft 
making N revolutions per second, the centrifugal 
force (C.F.) is the same 4 r?N*y at deflection y, 
while the elastic forces called up by the bending 
are the same in the two cases. 

The shadow of the revolving shaft will show the 
moving curve of plane vibration in its alteration of 
shape. 

But suppose the shaft is making N, revolutions 
and N, lateral vibrations at the same time; the 
same elastic forces at deflection y are balanced by 
the C.F. 47°N*,y, and the kinetic reaction 
4m? N?, y, so that 


N2, + N2 = N2 


a well-known law in combined whirling and 
vibration. 

In these cases we have supposed the shaft is 
merely revolving and vibrating without doing any 
work. 

2. But’ we have to consider the stability of a 
shaft between bearings, when it is transmitting a 
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p P p’ tangent at P is parallel to E 
qQq' tangent at Q is parallel to 
Tangent at O is parallel to E C. 
Tangent at D is parallel to O F. 


to have understood his own equaticns completely, 


unaware as he was of the distinction between | 


co-ordinates, according as they were holonomic 
or anholonomic, by analogy with harmonic and 
anharmonic. 

It is not difficult to upset the unwary by such 
simple exercises as—Deduce Euler’s Equations of 
Motion ;—apply Lagrange’s Equations to the 
problems of Unilinear Dynamics—and so on. 

So your readers may care to see an alternative 
presentation of these general questions of ‘* whirl” 
and “ whip,” where the treatment does not require 
the use of notions more than elementary, following 
Poinsot’s precept “4 considerer les choses en elles- 
mémes, et sans les perdre de vue dans le cours du 
raisonnement.” 

The Report on Gyroscopic Theory, 1914 (pub- 
lished by the Stationery Office) may be consulted 
for a similar treatment of associated questions, such 
as the Kelvin Gyrostatic Chain, page 261. 

1. At a first glance of these elementary principles 
it will be obvious that the revolutions at which an 
ordinary shaft in rings will begin to whirl are 
the same as the number of vibration cycles, double 
vibrations per second, of lateral vibration, when 
the shaft is at rest and plucked sideways. 

The shaft here is supposed unstrained by the 
transmission of any thrust or couple. 

The elastic forces called up are the same in each 
case for the same deflection, and the kinetic reaction 
in the lateral vibration is the same as the centrifugal 
force of rotation in the whirl. 

The end conditions of the shaft at the bearings 
are taken to be the same in both cases. 

In the shaft making lateral vibrations about the 
straight form at rest, the acceleration of kinetic 
reaction or d’Alembert’s reversed effective force is 


thrust and a couple, as in the case of the screw 
shaft of a steamer. 

This was the problem investigated in my com- 
munication to the Institution of Mechanical 
Engineers, April, 1883. The theory did not meet 
a very cordial reception from the practical engineers 
who took part in the discussion, and it was dis- 
paraged as not likely to have any practical 
importance. 

But this took place a year or two before the 
appearance of the Laval turbine, in which the high 
speed of revolution brought out the importance 
of the whirling effect investigated in my paper, 
but ignored in the numerical applications as of no 
appreciable influence in the ordinary slow-moving 
marine machinery of that date. 

But Laval’s turbine brought whirling effect into 
practical prominence, and revealed its importance ; 
| so that attention was directed to it, and the theoreti- 
| cal investigations were resumed by a number of 
| subsequent writers, of which a complete list would 
| be difficult to draw up. But mention may be made 
here of a few of the English writers and their work, 
|such as: Dunkerley, 8., Phil. Trans., 1894; Chree, 
| Phil. Mag., 1902, and Physical Society, 1903-5; 
| L. Gumbel, Encrverrrne, April 11, 1902; Wallace, 
|W. M., Engineer, September 21, 1917; Morley, A., 
| ENGINEERING, July 30th and August 13, 1909, and 
| December 9, 1910; Webb, H. A., November 2, 9 and 
16, 1917; Pidduck, Proc. London Math. Society, 
| 1910; Southwell, Proc. R. 8., January, 1913. 

Foreign writers may also be cited: von Mises, 
“* Monatsheft f. Math. u. Physik,” 1911; Noether, 
“* Kreisel-Theorie ” (Klein-Somerfeld), page 893. 

3. A treatment based on elementary principles 
can be drawn up sufficient for most practical 
problems, if a start is made on the special case when 





the central axial line of the shaft takes up the form 
of a uniform helix, under the thrust and couple 
it is transmitting, as investigated in Thomson and 
Tait’s ‘‘ Natural Philosophy,” 1867, §608, and here 
in this article with the additional influence of the 
centrifugal whirling. 

In following up the theory, it is useful to hold in 
the hand a length of wire bent into this uniform 
helix, say half a wave-length or a half turn, to help 
to settle the direction of the various applied forces 
and couples. 

The helix is supposed wound on a cylinder 
of radius b, at an angle a with the axis, so that 
A =27b6 cos a is the pitch of the helix, on the 
engineer’s reckoning of the axial advance for a 
complete revolution of the screw. This is the wave- 
length of the sine curve or sinusoidal projection, 
shadow of the helix on a plane parallel to the axis. 

Turn the helix about its axis and this shadow 
is seen to advance in wave motion, a simple experi- 
mental realisation for lecture purposes. A con- 
venient way invented by Mr. W. B. Croft is to 
suspend the helix from a point in its axis by a 
thread, and then twirl it, showing shadow waves 
moving vertically. 

Slanting shadow projection of the helix on a 
plane perpendicular to its axis will give the 
trochoidal waves considered by Rankine. 

In theoretical investigation and its formulas it is 
more convenient to call the pitch p of the helix 
the axial advance for a turn of one radian, 


= = 57.3 deg., and thus a too frequent appearance 
T 


will be reduced of the factor 7, especially in the 
dynamical relations. 

Then p = bcot a, = CG in Fig. 1, b= ptana, 
=asina,OG=a. 

In the helix we are considering of elastic in- 
stability, a is small. 

But the helix of an ordinary screw bolt on its 
nut has an angle a very nearly a right angle ; 
the engineer’s pitch \ = 2 7 } cot a is then small, 
and he prefers to reckon in the inverse way by 
the number of threads to the inch reciprocal of A, 

cota 


= 1 = 


ot 
27p 2 


on a cylinder of radius b inches. 

4. Digression on Units.—In measuring the shaft 
the engineer will give the length in feet, but any 
transverse dimension in inches. But to avoid 
confusion in the formulas it is advisable to work 
to one unit of length, and we choose the inch, as 
requiring least alteration in the tabular values of 
stress, pressure and modulus of elasticity, given 
usually for steam machinery in Ib/inch?, or 
tons/inch? in gunnery. 

In this way g will appear in the unfamiliar form of 
384, instead of the usual 32, g = 32 f/s*, but 
12 x 32 = 384 inches/second*. 

But with the use of the Hospitalier notation it is 
quite easy to bring the units into view, where any 
confusion is anticipated. 

Theoretical writers would force us all to think 
and calculate in the C.G.8. system, and stop the 
engineer if they could from using gravitation 
measure, with inch and foot, the pound and ton. 

Halsey’s ‘‘ Handbook for Draughtsmen”’ should 
be consulted for a forcible criticism of the rival 
systems. “The metric system (C.G.8.) is the 
monument to scientific zeal combined with ignorance 
of practical requirements.” ‘‘The chief function 
of weights and measures is to weigh and measure, 
not to make cs Iculations.” 

While our engineer would then be using inch, Ib 
units, the foreign engineer would be taking em, kg 
units, and the derived units of kg/em* for prersure 
(atmospheres) and cm/kg. for work, converted into 
metre.tonnes (m.t) when the numbers run large. 

In electricity it was certainly providential that 
the mathematician was first in the field to settle 
the units in a cosmopolitan plan on the metric 
system. But he nearly spoilt it by the choice of 
such niggling units as the centimetre and gramme 
of the C.G.S. system, requiring all practical units, as 
ohm, volt, ampére, watt, farad, to be qualified 
by some high power of 10, in the style of Archimedes 





and his Psammites, impossible to retain in the 
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memcry. And then there is 42, always popping 
in and out, like g in dynamics. 

But with dynamics the engineer will never 
abandon his gravitation measure of force in a 
practical problem for any fine logic of absolute 
measure ; and he will consider it serves no useful 
purpose to convert the weight of his train cf, say 
400 tons, into a statement of something like four 
hundred thousand million dynes. 

So in the following theory we are always working 
to the inch-pound-second units, and their deriva- 
tivea, expressed in the Hospitalier notaticn. 

5. The Wrench.—Any system of forces in space 
can be balanced by an anti-resultant ‘“ wrench,” 
the name given to the system composed of a single 
force, X lb, and a single couple, L inch-Ib, in a 
plane at right angies to the force. 

The ratio L:X (inches) is called the pitch 
(theoretical) of the wrench. 

Consider a nut on a screw of theoretical pitch p, 
engineer’s pitch A = 2 m p, turned by a spanner 
actuated by a couple L, and advancing against an 
axial force X. The screw being treated as smooth, 
the principle of virtual velocities, now called of 
work, asserts that in one revolution of the nut the 
work 2 w L done by the couple is to be equated to 
the work X A done by the thrust, and A = 2 w p. 


2rL=XaA, L=Xp. 


6. Applied to a shaft in bearings with permissible 
play, the shaft can be sprung into a uniform helix 
in the transmission of this wrench, composed of the 
thrust, X lb and the couple L, inch-lb. 

Then as in Thomson and Tait, §308, considering 
the equilibrium of any finite length of the shaft, 
say a half wave-length $A, sprung with the central 
line a helix of angle a, wrapped on a cylinder of 
radius b, the curvature of the helix in its principal 
normal plane is 

sin? a 
b 





in accordance with Euler’s theorem of the curva- 
ture of normal sections of a surface at a point, 
the surface in this case the circular cylinder of 
radius b. 

In the present state of the Theory of Elasticity 
we are obliged to assume that the deflection due 
to the forces can coexist independently, just as 
if one acted at a time. 

If the shaft was bent in a plane curve by two 
opposing couples, N inch-lb, applied at the ends, 
into a circular are of radius p inches, as a railway 
axle for instance, bent by the two couples formed 
by the downward push of an axle box and the equal 
upward thrust of the rail on the wheel, or experi- 
mentally as a rod placed symmetrically over two 
supports and bent by equal weights hung at the 
N inches, where A is called 
the flexural rigidity of the shaft, measured in lb/inch?. 

On the ordinary theory of elasticity, A= E K &’, 
where K, inches’, is the area of the normal cross 
section of the shaft, and K &, inches‘, is the moment 
of inertia of the area about the central diameter 
of the section perpendicular to the plane of flexure ; 
E, Ilb/inch*, is the modulus of linear elasticity, 
defined by Young. 

The modulus E may also be specified by a length 
e, in Young’s manner, such that if the shaft was 
stretched or compressed by the axial thrust X 
lb, distributed uniformly over the cross section K 
as a pressure or tension of X/K, lb/ nch?, its extension 
or compression was f, fraction of the stretch or 
shrink of the total length, then X/K bears to e a 
constant ratio E, determined by experiment, or 


ends, then — = N; p = 


X x=KEyf, 


x 
E = x, = 
K J Kt 


f 
equivalent to the law of the spring, as enunciated by 
Hooke, and called Hooke’s Law, or the Law of the 
Spring. 

Then if we put E = we, where w is the density 
of the metal, in lb/inch®, a length e inches of the 
shaft hung vertically wou'd have a tension E 
Ib/inch? at the upper end, and according to this 
law (Hooke’s Law of the Spr ng) if 't held good so 
far, we should have f= 1. But as the yield point 
of the metal would long have been passed, a small 


fraction fe of the length e must be taken, and the 
the tension wfe = f E, lb/inch?, as the equivalent 
of X/K. 

In round numbers for steel, according to Moles- 
worth, 

E = 28 to 30 million lb/inch?, say, 12,500 to 13,000 
tons /inch2, or 2,000t,/cm2, 2 million kg/cm2, and 
with density 5001b/ft5, w=0.29 lb/inch,5 making 
e= = = 


100 million inches, 250 million em in 


round numbers; and making the velocity of longi- 
tudinal vibration U = yv(g e) =104 (384) = 
196,000, say 200 thousand, inches/sec., or 500,000 
cm/sec, that is 5 km/sec, about 15 times the velo- 
city of sound in air. 
We take the nearest round number in these 
numerical data, to show the nature of the case 
and to serve as a check, as we are not concerned 
yet with a delicate numerical computation, where 
the accuracy is to be pushed as far as warranted 
by the measurements. We must beware of the 
dishonest decimal, because Professor Perry gives 
us a warning that the accuracy of a calculation must 
not be assumed greater than the accuracy of the 
most inaccurate of the measured quantities. 
It is dishonest for instance to give the distance 
of the sun to within a million of miles, when the 
parallax of the sun, from which the distance is 
calculated, is not known with accuracy beyond the 
first decimal of a second of angle. 
8. The thrust X, lb, along the straight central 
axis is equal to an equal thrust acting at the centre 
of the cross section of the shaft, treated now as a 
thin wire in a uniform helix along the central fibre 
of the shaft, and a couple X8, inch-lb, about an axis 
tangential to the cylinder on which the helix is 
wrapped, perpendicular to its axis. 


The component couple about the binormal of 
the helix, L sina + X 6 cosa, is the couple which 
bends the shaft to its curvature of a circle of radius 
p; and in accordance with Euler’s theory on the 
curvature of normal sections at a point of a surface, 
in this case of a cylindrical surface of radius b made 
by a normal plane at an angle a with the axis, 





1 _ sin2a cos2 a. 
ry — + =? 
so that A denoting the flexural rigidity of the shaft, 
A sin? a 


= Lsina+ Xbecosa. . - 


Putting 6 = nz, connecting 6 the angle the 
helix has turned for an axial advance 2, 27 = ni, 


so that = is the number of threads to the inch in 
us 


a screw of small pitch ; 


sina 





apr teiome—— = nese, 
‘ 2 ee 
a(=*) —~L2&_Xema=0 . () 


Antcosa —-Lan—X=0. (3) 


In a screw shaft sprung slightly, a will be small 
and imperceptible, so that cos a can be replaced 
by unity, and 

Ant—Ln—-X=0. (4) 
a quadratic giving two values of n, n, and n,; so 
that the single helix 
6=nx,y=— bcos 0,z2=bsing . (5) 
may be replaced in the general case by the super- 
position of two helices. 


6 = (nm; + no) x + constant, 
y = boos (nm, x + €1) + b2 cos (ng x + €2), 
z= b sin (my) x + €&) + be sin (m2 x + ep). 


Writing these equations 
4 a 3(% + tn)[ fin (™ z+ e) in| "2 n+ «) | 
ye +en+ a | 


= (% + be \ein (m + ny 
cos (ne — mje te—a| > 


sin 
si ( - i) bo [ (~ + my \ae + e+e 


sin [ (» = me + €2—€ 


| 
p> 6) 
J 





j 


prima man/(R+ tS), (8) 


we see by analogy with the group velocity of long 


with 


a+) = 





waves with shorter waves or ripples running over 





them, that the helix is given by the long wave 


, sin {La 
; (1  b \ooa ("+ @ +4) : 


with the ripples 
12 4X 
[: Vis +7 ) ae «| 


superposed, and if / denotes the wave-length of a 


ripple : : 
oy V (i " <r) 


A 
When the bearings of the shaft are fixed so as 
to maintain their position and direction, the 


distance between them will be g ripple wave-length 
l, and , 


(9) 


sin 
cos 


Ms 


(10) 


4x2 _ Lt 4X 

“2 At A 
But if the bearings allow a play in direction, 
their distance must be the half wave-length }4/ 
of the ripple, and 


(11) 


we 2 | 4X 
Qo Ae CA 

These expressions reduce to Euler’s results for 

the stability of a straight shaft under a thrust X, 

and no couple L. 

In the ordinary shafting of a factory, X = 

so that 


(12) 


0, 


te 


. + 

oy 
express the condition of the stability of the straight 
form ; with bearings farther apart the shaft would 
lose the straight line and twist up into a helix. 
The general expression in (10), (11), (12) involving 
thrust X and couple L is applicable to the case 
of the screw shaft of a steamer; this was the 
formula given in the Transactions of the Institu- 
tion of Mechanical Engineers, April, 1883. 
The problem may be presented in the reverse way, 
to take a given length of wire from off a hank or 
coil on a drum cylinder, and to investigate the 
pull and twist to be applied to pull it out straight, 


or as nearly as possible, as in a telegraph or telephone 
wire. 








(13) 


(To be continued.) 





TEMPLETS, JIGS AND FIXTURES. 
No. I. 


By JosrrpH Horner. 


THE above title denotes the time sequence of these 
aids to machining. The first were common half a 
century ago. Even then, too, some of the simpler 
jigs were being employed for such work as drilling 
pipe and other flanges when considerable quantities 
were required, but the fixture was not yet in 
evidence. In the course of time the templet has 
become largely superseded by the other appliances 
when the smaller articles of manufacture are 
concerned. 

These aids are associated by the fact that they 
supersede the practice of lining-out each separate 
piece of work individually, with surface gauges, 
squares, compass, and dividers. Thus, formerly the 
universal practice is necessarily retained for nearly 
all massive articles, and in any constructions of 
which the numbers required are limited to single 
orders, or to a very few. Such work is so dealt 
with at the present time, because the cost of these 
aids would bear too large a proportion to that of 
the results obtained. But given a sufficient number 
of repetitive orders, one or other of these appliances, 
or all of them, are called into service. And thus it 
happens that with the pretent powerful tendencies 
towards specialisation, these helps are being 
employed for pieces of increasing dimensions. 
Templets of large size have long been employed for 
marking centres and holes in the machine and 
fitting shops. But occasional examples of jigs and 
fixtures that run them very closely in dimensions 
may be seen, indications of a tendency that grows. 
As firms learn to confine their manufactures more 
exclusively to one or to a very few specialities these 
examples must increase. The war has produced 
some remarkable results of this kind. Machine 
tools have been simplified, details that are un- 
necessary have been eliminated, and orders for 
enormous batches have been completed in record 





times, which would not have been possible apart 
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from the help afforded by these aids. Highly |importance, and mutually fitting. Only centres, 
favourable to the achievement of this result is the | working diameters, certain lengths and over-all 
frequent adoption of the unit system of manu-/| distances count. Tooling for mere finish, for good 
facture, in which each essential element, or group | appearance does not. One of the results of the 
of elements is prepared as an entirely distinct unit,| present intense demand for machine tools is the 
to be assembled only for the completion of the | reduction of tooling on non-essential portions. The 
machine, or mechanism. The tooling of every | distinction between standardisation which includes 


piece is dealt with by jig or fixture, and even the | 
final assembling also is often done in a fixture, | 
and lining-out and templet work is then wholly | 
eliminated. Without the help of the jig and the 
fixture the unit system of manufacture would be 
impossible of attainment, since the fitter would | 
be essential. 

As in forging dies, and in foundry patterns, the | 


strict interchangeability and that which does not 
when followed into the details of the methods 
employed, reveals wide differences. They will be 
seen to be largely associated, though not entirely 
with differences in dimensions. The heavier the 
class of manufacture the smaller are the numbers 
of identical and repeat orders, and the more massive 
and costly are the aids which are necessary to secure 


cost of jigs and fixtures relatively to that of the interchangeability. For these, therefore, lining-off 
work done by their assistance has to be carefully | and the templet are suitable rather than the jig 


balanced. It must bear an economical relation to | 
the number of similar pieces to be treated. Conse- 
quently very large differences occur in the com- 
plications, and cost of these helps, some being 
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Fies. 1 to 4. ExamMPpLes oF TEMPLETS. 


simple and cheap, others very involved and 
expensive, yet ensuring vast economies in the work 
produced by their aid. The elasticity in the designs 
of teraplets, jigs and fixtures renders them adaptable 
to all classes of manufacture. 

By means of these appliances standardisation 
and interchangeability are secured, terms which, 
though loosely associated do not signify identical 
things. Pieces may be standardised, even though 
they do not interchange, since they may require 
the final corrections of the fitter. Very great 
progress is made in manufacturing methods when 
parts are standardised, because these, whenever 
or wherever constructed, are available for ready 
repairs, and the substitution of worn and broken 
parts. For many years firms have adopted this 
practice for their own productions, and are thus 
able to supply spares and renewals by register 
letters and numbers. These units, though often not 
strictly interchangeable in the sense to which the 
term relates when parts are assembled, are ready 
for insertion with usually a minimum of corrective 
fitting. This is all that can be guaranteed under 
systems of lining-out and of templeting. Only 
when jigs and fixtures are employed, supplemented 
by a rigid system of limit gauging, can real inter- 
changeability be guaranteed. There is standardisa- 
tion in both cases, but not of the same class. The 
first is desirable in all manufactures, but the second 
iS not necessary in all, nor would it be economical 
or possible. Here, also, some related matters are 
associated with the major problem. There is the 
distinction between essentials and non-essentials. 
It is not necessary that gauging should be carried 
out to fine limits for all dimensions. It is not 
required except on those parts which are of cardinal 





and the fixture of the smaller manufactures. 

It seems desirable here, in order to clear the way 
for the subsequent detailed treatment of the present 
subject to state precisely the differences between 


G-Ad 
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shaft bearings for centres, for dead lengths of ends 
and shoulders, and so on. And since the work is 
usually entrusted first to the care of a skilled 
| templet-maker, and second to the trained marker-off 
|satisfactory results are secured, having regard to 
the class of work done, and substantial economies 
are effected over the marking-off method on 
individual pieces. 

By far the principal function of the templet is the 
marking-off of holes, which saves much time other- 
wise occupied in pitching centres and describing 
circles with the compass. This presupposes a fair 
number of similar sets of holes to be marked-off. 
But this condition occurs in many non-repetitive 
orders, because some standardisation of holes for 
flanged fittings is always adopted. Again, on a 
single casting it will often happen that there will be 
as many as a dozen such sets of holes. Large 
numbers are also used in a single set of pipe con- 
nections. The circle of centres and the number 





of holes in the flanges for a certain class of work 





Fics. 5 To 7. Examples OF DRILLING JiGs. 






































Fies, 8 To 10. 


A TEMPLeT Jia. 


these great groups, and so avoid the confusion in 
terms which sometimes occurs. 

A “templet” or “template” is an appliance, 
Figs. 1, 2, 3, 4, by means of which lines alone are 
described on a piece of work, using the point of a 
scriber, marking directly on the surface of the piece, 
which is frequently whitened to show up the lines 
better. Such a method cannot be a strictly accurate 
one, because two sources of error are present. One 
is that due to inaccuracy in marking-out and making 
the templet in the first place, the other concerns 
the degree of skill or care with which the lines are 
marked-off on the work, and afterwards tooled by. 
The lines, though fine, are yet of sensible thickness, 
and so the method is a coarse one by comparison 
with the coercion that is exercised by the jig, 
supplemented by the checks of the limit gauges. 
Yet it marks a vast advance on lining-out methods 
in economy of time, and closer approach to 
uniformity when considerable numbers of similar 
pieces are required. For this reason it has been 
largely employed for bolt and rivet holes, Figs. 
1 and 4; for steam engine ports, Fig. 2; for cottar 
ways, and slots, Fig. 3; for marking several related 


being determined, and standardised, these are 
embodied in templets for general shop use. Holes 
in flanges produced thus with reasonable care 
will come into alignment without marking one 
mating flange through another. The larger the 
number of holes the greater is the economy of the 
system. 

This kind of work has reached its highest develop- 
ment in the boiler and plating shops, being used 
both for standard work, and for that which is only 
of an occasional character. Rarely are the holes 
in plates marked directly by the setting-out of 
centres for punching or drilling. Templets are 
standardised, stamped and stored. These are 
commonly made of wood, } in. thick, straight in 
grain, both as single strips for flanges and rolled 
sections, and as framed rectangular templets for 
plates. Awkward outlines are cut in sheet iron 
or steel, and lightened, or are made as strips and 
welded’ at corners. For large orders, and for 
permanent use these are better than those of wood, 
because timber may warp laterally. Shrinkage 
hardly enters into the question, because timber 
does not shrink lengthwise, nor do the narrow strips 
of 3 in. or 4 in. in width in that direction. But it 
lacks the elements of permanence, being liable to 
become damaged, broken or burnt. 

The term “ jig” is one of relatively recent origin, 
but the appliance in its essential form is an old one. 
It was formerly termed a “ drilling-templet,” 
because of its obvious derivation from the marking- 
off templet. The difference is that instead of holes 
being marked-off, they are drilled directly through 
it. Instead of employing the holes to guide the 
scriber, they control the drill. But the drilling 
templet is made of greater thickness than its lining- 
off prototype was, in order to afford the n 
coercion to the drill, and to prolong its life. Next, 
some kind of guide is included by which to centre 
or locate the templet, and so prevent it from 
becoming shifted during the drilling. From this 





simple original the large family of jigs has been 
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derived. A group of common forms is shown in|a bolt tapped into the vertical face of the angle 
Figs. 5 to 7. | plate. They are steadied in the vertical position 

Fig. 5, it will be seen, differs from a templet only | by pins making contact with adjacent levers, and 
in having bushes inserted for guiding the drill. It just clearing the milling cutter. The advantages 
therefore lacks the very desirable function of) previously stated of precise and of rapid setting, 
localisation on the work to be drilled. There is no | and of uniformity of results, are seen to be fulfilled 


certainty that every piece drilled will have its 


circle of holes strictly concentric with the outside 
of the flange, or with the bore. The templet in 
Fig. 4 has this provision in the form of a shallow 


in this example. Another benefit conferred by the 
| fixture, the value of which is magnified directly as 
| the number of pieces held in it increases, is that it 
| can be duplicated, with the result that a number of 


register entering each bore. Figs. 6 and 7 show | articles can be in course of location in one, while 


two common jigs which include the means of precise 
setting by the outsides of the flanges. The first is 


more suitable when flanges are not tooled on the 


| another set is being tooled. This avoids holding up 


| the machine idly while setting is being done. 
This setting-up may be done apart from the 


designs are in use, and they have a most vital 
influence on interchangeable production. 

A typical jig-fixture from the practice of Messrs. 
Robey and Co., Limited, Lincoln, is shown by 
Figs. 13 to 16. It is designed for drilling four holes 
in the foot of a bracket. 
casting, made reasonably massive, as all these must 
be. It stands on the table of the machine by its 
foot A, and receives the casting B, located in it by 
a bolt C, in the drilled hole ; by a stop-pin D pro- 
vided with a lock-nut and by a set screw E. These 
are fixed for the series of brackets to be dealt with. 
A clearance is left between the foot of the bracket 
and the plate F, which carries the drill bushings, 


The fixture is a box-like 
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Fies. 11 anp 12. A Typrcat Fixture: Messrs. Rospgy anp Co., Limirep, LINCOLN. 


edges, the second, making contact all round, can 
only be used when they are. In addition to methods 
of location, clamps of various kinds are used. 

The “ templet-jig” is a combination which is of 
high value when the larger castings and forgings 
are being dealt with. It includes all the primary 
relations of a piece of work, with exact control for 
certain sets of tools—almost invariably the drilling 
of holes. One of the smaller examples of this type 
is shown in Figs. 8 to 10. The templet portion is of 
sheet metal from , in. to 4‘, in. thick, according to 
area. It is located by some cardinal tooled portion 
of the piece of work, in this case by the planed 
ends. By this setting, the positions of the holes to 
be drilled are correct relatively to the setting edges, 
and in strict relation to each other. Using the 
templet simply, these would be marked through it, 
leaving to the driller the task of working by the 
lines. The thicker blocks—the jigs—are riveted to 
the thin sheet. They are of cast-iron, or of steel 
slabs, and these may be bushed with steel, case- 
hardened, depending on the temporary or the 
permanent character of the appliance. The feature 
of the design is that the templet portion is a guide 
for the location of a whole set of jigs, which apart 
from it would have each to be set and attached 
separately and tediously to the piece of work. 
And the drilling or boring jigs are often situated in 
more than one plane, as higher or lower, or at a 
right angle. 

This jig, it will be observed, does not provide 
means for locating and holding the piece of work 
in which it controls the action of the tools. It is 
simply laid upon, or attached to surfaces, the work 
being laid on, or bolted to machine tables by 
the usual methods. This is sufficient in a very 
large number of instances, but it does not meet the 
requirements of a very large number of articles, 
several parts or sections of which must be exactly 
co-related if interchangeable fitting is to be secured. 
Nor, these apart, does the jig alone effect any 
economy in the fixing and fastening of pieces of work 
over the comparatively slow methods which are 
inseparable from the attachments made directly 
to machine tables. To provide for these cases is 
the function of the “ fixture”” In these the pieces 
of work are enclosed and located alike in exact 
positions, with the result that all the tooling done 
on them is accomplished in the same precise relations 
in any number of pieces. 

A simple typical fixture is shown by Figs. 11 
and 12, by Messrs. Robey and Co., Limited, of 
Lincoln, It is one of the continuous design, that is, 
one arranged to tool many articles in series, in this 
case for milling slots in a dozen levers, three of 
which are shown at the left hand of Fig. 11. The 
fixture has the form of a long angle plate with a 
tongue to fit the slots of the table of the machine. 
The levers, previously drilled, are carried each on 


Fig.18 
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machine, but sometimes it is performed by duplica- 
ting a fixture on a slowly moving table. It is 
especially adaptable to the milling and the surface- 
grinding machines, and is employed also to a 
considerable extent in motor cylinder work. On a 
Lincoln miller, using duplicated fixtures, the 
flanges of one set of cylinders cast en bloc can be 
undergoing facing, while a similar set is being inserted 
in the other fixture. 

When a jig is included as an integral portion of a | 
fixture, the highest possible development is reached, | 
that termed the “‘jig-fixture.” For the latter 


Fies. 13 ro 16. A Typicat Jia-FixturE: Messrs. Rosey anp Co., Luwrrep, LINCOLN. 


in order to permit of ready insertion and removal 
of the castings. The bushings, of hardened steel, 
are driven into this plate, and the latter is bolted 
up to the fixture body as shown. Though this jig- 
fixture is simple, by comparison with some which 
will be illustrated, it embodies elementary principles, 
typical of the great group to which it belongs. — 
The group of Figs. 17 to 24 illustrates a jig- 
fixture for boring a gear-box for a sensitive drill, as 
made by Messrs. James Archdale and Co., Limited, 
of Birmingham. The outlines of the box are shown 
by dotted lines. The fixture is attached to the 


locates the article to be tooled in one unvarying | table of the machine with bolts passing through 


position, while the former controls the action of | three lugs, having open slot holes, a method which 
the tools used. The jig may be a separate portion, |is generally preferred to round holes. It fits the 





or a part of the fixture. The metal is massive, 


Immense numbers of these | table grooves with a tongue. 
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to withstand the heavy cutting without vibration. 
The boring bars are controlled by the bushes in the 
ends, one of which is shown by the enlarged Figs. 
20 and 21. These “slip” bushes make a push fit. 
They do not fit directly into the cast fixture, but 
into hardened steel bushes that are fixed in firmly, 
but which are not shown on the drawings. The 
slip bushes are provided to enable the boring bar 
to be inserted and withdrawn without removing 
the cutters. Neither a driving fit, nor a screw 
thread would be so suitable here, because the bushes 
must interchange for different boring bars. Being 
only a push fit, they are prevented from turning 
by means of retaining screws tapped into the 
fixture adjacent, and coming in contact with the 
right or left-handed diagonal slots seen in the detail 
Figs. 20 and 21. This is one method of locking 
bushes out of several, which will be illustrated in 
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o ‘san 





holes are the major functions of these aids, but they 
| are extended to include much work that is done 
/on the planing machine, on the milling machine, on 
| boring mills, and on the vertical spindle design of 
grinding machines—the continuous-grinding of 
small parts arranged in dozens on one fixture. 

The vast growth of these appliances resembles 
| in some aspects that of the tool equipments of turret 
lathes. It has become necessary to standardise all 
the elements that enter into their construction in 
|any one shop, in order to avoid the carrying of 
|excessive stocks of heterogeneous parts, as screws, 
| bushes, clamps, &c. And also to devote special 
| departments to the work of design, of manufacture, 
and of record keeping, and storage. Only thus can 
| useless repetition and confusion be avoided. 

The regular employment of the jig and the fixture 
not only has the result of producing many and 
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Fies. 17 To 24. 
due course. The subjoined table gives the dimen- 


sions corresponding to the spaces lettered on Figs. 
20 and 21 :— 
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Some essential points in the methods adopted for 
the location of the gear boxes in the fixture must 
be noticed. There is a seb screw at A, Figs. 17 and 
18, provided with a lock-nut, and a face which 
contacts with a gland-shaped flange at the right- 
hand end, in opposition to a wedge-piece at B, Fig. 17, 
which accommodates itself to inequalities on the 
identically uniform position of every casting to be 
fixed by the set screw A and the face above 
mentioned. The box is 'ocated longitudinally at 
the right-hand end by the stopblock C, coming in 
contact with the edge of the gland-shaped flange. 
The casting thus set, is secured by means of clamps. 
Iwo, at the left-hand, D, D, shown in detail in 
Fig. 22, hold down the flange there. Two at the 
right-hand, E, F, shown also in Figs. 23 and 24, 
fulfil the same function. But while E is fixed, 
is pivoted, having an open slot for its clamping 
bolt. This also is one among several alternatives, 
to be noticed later, which is adopted for the purpose 
if rapid clamping, to save the little additional 
time that would be occupied in running-off nuts, 
and removing the clamping plate. 

With the enormous growth of the practice here 
outlined the utilities of the simpler and earlier forms 
of jigs and fixtures have been correspondingly 
extended. As of old, the drilling and boring of 





A TypicaL Jic-Frxture; Messrs. JamMES ARCHDALE AND Co., Ltp., BrRMINGHAM. 


| fundamental changes in the methods of shops, but 

also has that of favouring the employment of 
| machine tools of some kinds in preference to others. 
' It saves much, or all,the labour of resettings of work 
on machine tables, and it favours the multiplication 
of operations in some cases. The employment of 
the drilling jig has had a marked influence in the 
increasing use of multiple-spindle machines, for 
drilling and for boring. Being provided with 
spindles that are adjustable for centres, these are 
located to correspond with the holes in the jig, 
and many holes, often some dozens, are being 
drilled simultaneously, as in some motor work. 
All the stud holes in cylinder castings and in crank- 
cases are usually dealt with in this way. Also 
cylinders numbering from two to half a dozen are 
bored with as many spindles. 





Norwecian InpustTRiaL Activiry.—A large influx 
of fresh capital into the different branches of the industries 
of Norway continues to take place. Thus the Rosendal 
Engineering Company is increasing its capital from 
3,500,000 kroner to 6,000,000 kroner, and the Sevewusion 
Superphosphate Company in Bergen has definitely 
decided to increase its capital from 3,000,000 kroner to 
5,000,000 kroner. 





Correr IN SteEL.—According to The Iron Age, New 
York, too much has perhaps been said about copper in 
steel, so far as its anti-corrosive eé is concerned. 
But, in comparison, little has been brought out pro- 
minently regarding other benefits which copper confers 
to steel. In a paper read before the American Institute 
of Mining Engineers by Professor Hayward, the author 
proves that 0.75 per cent. to 1 per cent. of copper in 
steel not only advances the yield-point and tensile 
strength as compared with practically non-copper 
medium carbon steel, but that it also renders the steel 
measurably more resistent to shock. Hardness is also 
increased by copper. Confirming other investigations, 
the author shows, as Dr. Stead has demonstrated, that 
the behaviour of copper in steel resembles that of nickel. 





THE CONSTITUTION OF THE COPPER RICH 
ALUMINIUM.COPPER ALLOYS.* 
Part I. 
RELATIONSHIP OF HARDNESS TO CONSTITUTION. 


By J. Neu Greenwoop, M.8c. (Manchester). 
InTRODUCTION. 

THE —— research has been conducted almost 
entirely in the Metallurgical Department of the Victoria 
University (Manchester), and before giving any descrip. 
tion of it, the author wishes to express his thanks to 
Professor C. A. Edwards, both for suggesting the subject 
—the hardness of aluminium-copper alloys—and also 
for the interesting and fruitful discussions which have 
arisen whilst the work has been in progress. 

At an early stage it became evident that the subject 
was more complicated than seemed at first sight, and the 
present paper is only a, to the research which 
was actually suggested. The original idea has now 
been fitted into a series of investigations, by means of 
which the author hopes, ultimately, to arrive at a 
definite idea of the constitution of the various solid 
— composing the entire series of copper-aluminium 
alloys. 


Summary or Previous WORK DEALING WITK THIS 
SuBJECT. 


The existing data regarding the hardness of Al-Cu 
alloys is of a very fragmentary nature. Owing to the 
great complexity of the possible transformations, even 
in the copper rich alloys (between 9 per cent. and 16 per 
cent. Al), hardness data, without either a complete 
account of the heat treatment of the specimens, or a 
description of the actual structure, are useless. 

From the point of view of the present investigation, 
the only previous work dealing with the more general 
aspects of the subject is that by Carpenter and Edwards, 
and by Curry}. As regards the former, owing to the 
magnitude of the task of investigating a complex series 
of alloys, such as those now under consideration, it is 
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obvious that on many points only a preliminary survey 
can . This was the case with (a) the equilibrium 
diagram of the Al-Cu alloys; (b) the hardness tests. 
With regard to (a), although most of the phases now 
recognised were included in the diagram given in the 
Eighth Report, still the actual transformation tempera- 
tures, as also the actual limits of the phase areas, were 
not definitely fixed. As regards (6), the series of hardness 
tests made on the alloys as rolled obviously make no 
pretence of correlating the hardness with the constitu- 
tion, though they are valuable as a preliminary guide, 
since in each case a photomicrograph of the structure is 
given. The actual results will be discussed later. 
Curry’s work on the equilibrium diagram of these alloys 
forms a valuable supplement to the data compiled by 
Carpenter and Edwards. It is unfortunate, however, 
that there is no available evidence for checking the con- 
clusions contained in this paper. The bare facts are 
given, but experimental conditions, thermal curves, 
and photomicrographs are lacking. As a result of his 
work, Curry gives the following limits of existence of the 
a, B, and y § solid solutions at several temperatures :— 








Taste I. 
Phase. | 1,000 Dog. ©. | 700 Deg. C. | 500 Deg. C. 
a nil-8 per cent. Aljnijl-9 per cent. Al | nil-0 percent. Al 
B 10-15 per cent. | 11.5-13 per cent. Unstable 
yoré | 16-17 percent. | 16-20 per cent. 16-21 per cent. 








Although several cases have arisen during the present 


* Pa: read at the Institute of Metals on 
Th y, March 14. 
+ “ Eighth Report to the Alloys R h Ce % 
Journal of the Institution of Mechanical Engineers, 1907. 
t Journal of Physical Chemistry, 1907. 

of Metals, 1915, 
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§ Andrew (Journal of the Institute 
No. 1, vol. xiii, page 251) has shown that the y phase 
is only stable (between 13.5 per cent. to 16 per cent. Al) 
above 770 deg. C.; below this, the 8 phase is stable. 
In the sequel this notation is adhered to, as being the 





most probable explanation of the facts at present known. 
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investigation to throw doubt on the accuracy of these 
limiting values, time has not permitted a more complete 
survey of the equilibrium diagram. This is unfortunate, 
as it either prevents, or makes doubtful, certain deduc- 
tions which might otherwise have been made. Had this 

int ‘been’ recognised earlier, the logical course would 
Love been to fix accurately the limits of existence of 
the solid solutions, and then to proceed with the inquiry 
into the .variation of hardness with constitution. It 
was, however, only in the later stages of the work that 
this was noticed. There is an advantage in the present 
order. Whereas from microstructures, one can only 
get an idea of the gross homogeneity or heterogeneity 
of the alloy, hardness tests, being concerned more with 
molecular. conditions, may serve as a finer guide to the 
internal constitution than would a microscopic examina- 
tion. . To give a typical example of this, an 8.7 per cent. 
Al alloy as cast has a duplex structure, a+ 8. By 
reheating to 700 deg. C. tor 15 minutes, it becomes to 
all appearances structurally homogeneous. By a further 
annealing at 600 deg. C., however, the hardness gradually 
falls. and does not reach a constant value for many (10 
to 20) days... This is due to the gradual diffusion of the 
richer Al rtions (the 8 areas in the chill cast alloy). 
Hence, although microscopically this is complete after 
several minutes, it may not be actually so for several 
days. Thus useful information as to the rate of diffusion 
(and therefore of the time nécessary to reach equilibrium) 
in those alloys has been obtained by means of hardness 
tests. , 

Besides these two papers, there are others which deal 
with particular aspects of the hardness of AJ-Cu alloys. 
These refer to the change in hardness which some of the 
alloys (9 per cent. to 16 per cent. Al) undergo when 
rapidly cooled, so as.to retain the 8 solid solution, in 

lace of the corresponding a+ 6 conglomerates. The 

rdening of metals by quenching so as to suppress (or 
depress) a transformation, which with slow cooling would 
have taken place at.a moderately high temperature, 
has heen the subject of much discussion. But the results 
and. theories of different investigators are at variance. 
As an example, we may take the work of Edwards* and 
of Andrew.t In the former paper (page 157) there is 
this statement: “ Al-Cu alloys containing about 9 per 
cent. to 16 per cent. Al are immensely harder after 
quenching from about 800 deg C. than if allowed to cool 
slowly from that- temperature. ...’ In the latter 
paper (page 35) we have ‘. . . the results obtained with 
Al-Cu and Sn-Cu alloys support the contention that 
quenching an alloy of this character, and thereby pre- 
venting the resolution of a single homogeneous phase 
into .wo other ™ ases, rather than effecting a hardening, 
may cause the alloy to become less hard than if the 
transformation was allowed to take place.” 

It is obvious from such contradictory statements that 
the facts concerning the relative hardness of the a + 6, 
and corresponding § solutions, are not known with 
sufficient fullness or accuracy. 

The present paper deals with the variation of hard- 
ness, with the composition, and with the heat treatment 
of alloys containing 0 per cent. to 16 per cent. Al, and 
for the time being no theoretical considerations of the 
results are offered. This reservation has been con- 
sidered necessary, owing to the uncertainty of the effects 
of rapid cooling in bringing about the suppression of 
the Tecemmpuaition of a solid solution into two others. 
The author hopes shortly to publish the results of 
experiments dealing more specifically with the relation- 
ship between the 8 solution and its decomposition 
products—the a + 8 and 8 + 5 solutions. 


MATERIALS UsepD AND ANALYSIS OF ALLOYs. 


The alloys were made from best select copper and 
aluminium of 99.5 per cent. purity. The metal was 
mel in a Salamander crucible in an injector furnace ; 
the contents stirred with a carbon rod, and then poured 
into chill moulds. 


Taste I].—Analytical Results. 











| 
Alu- | Alu- 

No. | Copper | miniam No Copper mininm 
| per Cent, | per Cent. | per Cent. | per Cent. 

| | 
25 97.48 2.5 112 88.72 11.2 
» 45 95.48 4.5 123 87.62 12.3 
61 93.86 6.1 126 87.32 12.6 
$1 ‘ 91.86 8.1 127 (D) 27.30 12.6 
87 (A) + 91 25 8.7 13% 86.61 13.3 
* 04. » 90.51 9.4 184 (F) 86.58 18.4 
+297. (B)_ | - 90.23 9.7 140 85.92 14.0 
1090 (C) 89.90 10.0 145 85.44 14.5 
105 89.46 10.5 155 84 48 15.5 
110 88.04 11.0 158 84.18 15.8 











For convenience of reference the alloys have been 
given numbers which are ten times the percentage of Al 
they contain, ¢e.g., an alloy containing 9.5 per cent. is 
known as No. 95. 


PRELIMINARY EXPERIMENTS. 


Before commencing the actual research several points 
required investigating in order to define the experimental 
methods at the outset. 

These preliminary experiments may be divided into 
two classes : 

(a) Those dealing with the influence of certain factors 
on the methods of measuring hardness. 

(b) A survey of the effect of heat 
several of the alloys. 

In many cases two different instruments have been 
used to measure the hardness, namely, the Brinell 
machine and the Shore scleroscope. 

The following is a summary of the factors which it was 
thought might affect the experimental results obtained 
by these methods : 


(1) Affecting the Brinell hardness numbers ; 
(a) Thickness of specimen. 
(6) Time of application of load. 
(c) Magnitude of load. 
(d) Mode of distribution of constituents. 


(2) Affecting scleroscope hardness numbers ; 
(a) Thickness of specimen. 
(6) Smoothness of surface. 
(c) Distribution of constituents. 
(d) Inclination of upper and lower surfaces of speci- 
men, which should be parallel. 


treatment on 


As there has not been sufficient time to make a thorough 
examination of all these factors, it was decided to adopt 
the following plan :— 

(1) To determine the effect of thickness on the Brinell 
and scleroscope numbers. 

(2) To vary the magnitude of the load in the Brinell 
test. 

(3) To find the effect of smoothness of surface on the 
scleroscope number. 

As regards the other factors, the possible variation has 
been reduced to a minimum by standardising the methods 
of experiment, as is explained below. 


Fig.2r.- 
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Time of application of load in Brinell tests.—Thomas* 
has shown that in testing the hardness of mild steel by 
this method, the hardness number decreases as the length 
of time during which the load is applied increases. As 
would be expected, the relationship is not a linear one, 
some 60 per cent. to 70 per cent. of the total decrease 
occurring when the load has been applied for one minute 
and the remaining 40 per cent. to 30 per cent. only after 
one hour. Since the actual difference between the Brinell 
numbers after, say, one second application of load, and 
one hour application, is only a matter of 10 per cent. 
of the actual number with soft steels (hardness about 
120) and considerably less with harder material it will be 
recognised that no great discrepancy can arise from this 
point. 

In order, however, to be certain that this did not enter 
as a variable into the present work, it was decided to 
adopt a standard time of 30 seconds for the application of 
the load. This has been carefully adhered to throughout. 

Mode of distribution of constituents.—Grenet (loc. cit.) 
considers that, in general, segregation of the constituents 
of an alloy brings about a softening. This conforms to 
generally-accepted views, especially with regard to steels, 
it being well known that sorbite is considerably harder 
than the more structurally resolved pearlite. 

Andrew (loc. cit.) also shows that, in the case of Al-Cu 
alloys, an annealing at 500 deg. C. causes a marked soften- 
ing, as is shown by the following figures :—- 


Taste IIT. 





The only comment which need be made regarding the | 
preparation of the alloys isin connection with the evolu- 
tion of heat which occurs when Al is added to molten 

t,he present: observations: sre in agreement with | 
those 6f Curry and Wood,t namely : = 

(a) When the Al is added ‘in small quantities at a 
time; the heat evolution is noticed “addition. 

*- (6) Tf a- 10 per cent. Al alloy is melted down and more 
AI added, the evolution is still obtained. | 
"Hence the phenomenon cannot be ascribed to deoxida- | 
tion of the copper (Carpenter and Edwards loc. cit.), 
but is due to either (or both) heat ‘of solution (Curry 
and ‘Wood, loc. cit.) or heat of farmation of CugAl. “ 

The analyses of the alloys are given-in-Table IT. 

percentage of Al has been found’ by difference. | 





The 





' -* Journal of the Iron‘and Steél Institute, 1910 (ti). 
t Internationale Zeitschrift fur ‘Metallographie, 1914, 
$ Journal of Physical Chemistry, 1907, page 46.” 


Brineli Hardness. 





Aluminium per Cent. 


| 
| 








Annealed 
Furnace Coole. 5 Hours, 
. 500 Deg. C. 
10.0 180 | 196 
10.5. 225 ane 
11.0 284 246 
12.9 416 2 
12.5 - 416 broke 
13.0 416 - 
But since these figures are accompanied by the state- 


ment: “It certainly lends no — to the view that 
8 ation causes a decrease in hardness 5 te Sp 
is doubtful whether these figures are correct. . 


ae eee a eS a 


| * Journal of the Iron and Steel Institute, 1916 (i), p. 258. 





It is possible to deduce some general principles, in order 
to see what one would expect under ideal conditions. 

Andrew (loc. cit.) says, “. . . any constituent in 
great excess, in virtue of its mass, having a preponderat- 
ing influence (on the hardness) and masking to a large 
extent the effect of the other constituents.” 

It would appear that this is the most reasonable thing 
to expect, especially when there is a big difference in the 
hardness of the respective constituents. The results 
obtained show that this is not necessarily the case. The 
above statement can be represented graphically in the 
following manner. 

Assuming that the alioys consist of simple mixtures 
of the two components, then if the relative quantities of 
the constituents present have no influence upon the 
magnitude (per unit mass or volume) of their respective 
effects, the relationship between hardness and composi- 
tion should be linear, as shown by the dotted line a b in 
Fig. 2. If, on the other hand, the influence (per unit mass 
or volume) is a function of the relative quantities present, 
in the sense that as the quantity of A or B increases the 
relative influence of A or B also increases, then the hard- 
ness composition curve should depart from a straight 
line. With A in excess the alloys would be softer than 
would be calculated from a linear equation, whilst with 
B in excess they would be harder. There would be a 
point of inflexion in the curve which might occur any- 
where, according to the respective influence of the two 
constituents and also upon the constitution—#.e., on 
whether the primary constituent, say, of an eutectic or 
eutectoid was the soft A or the hard B. In the case of 
the simple mixture taken above, the point of inflexion 
would occur at about 50 per cent., as shown by the full 
curve aib. 

It would be expected that alloys would more nearly 
conform to the linear relationship, the finer the state of 
division of the constituents. 

The results obtained during the present investigation 
tend to show that, provided the alloy has been allowed 
to reach equilibrium, the distribution of the constituents 
has no appreciable effect on the Brinell hardness number. 
This point is referred to later. 

As regards the influence of this factor on the scleroscope 
test, in general, the above remarks also apply here. In 
addition it is necessary to note that the scleroscope 
results are much more likely to be erratic from this 
cause, because (a), the area on which the test is made is 
considerably smaller than in the case of the Brinell, and 
so the chance of obtaining an average value in any single 
test is much less; and (b), the time during which the 
load is applied, is only a small fraction of that used in the 
Brinell test, and so there is less chance of an equilibrium 
being set up, as a result of which it is more likely to be 
influenced by the character of the constituent first struck 
(especially if this happens to be the harder one). 

From this it will “ understood that the scleroscope 
requires handling with care, when testing alloys in which 
large structures are obtained, consisting of constituents of 
widely differing hardness. The present case of Al-Cu 
alloys is a particularly bad one from this point of view. 
Nevertheless, by taking a large number of tests over a 
wide area, it is remarkable how closely the form of the 
curves for the two sets of tests agree with one another 
even in so extreme a case. 

It should be mentioned that the magnifier hammer 
has been used throughout this work. This is designed so 
as to give a greater rebound with soft materials than 
does the standard hammer. 

Inclination of two opposite surfaces of specimen.— 
Although in the scleroscope tests considerable annoyance 
has been given by this variable, there has not been time 
to examine the Jimits of deviation from the parallel 
allowable in order to get satisfactory results. From 
general evidence, however, it can be said that, in the 
case of small specimens at least, the limits are very 
narrow. It has often been noticed that a rebound 50 per 
cent. low could be obtained consistently, due to the 
surfaces not being parallel. Since, in the test itself, there 
is no indication (except the sound of the striking hammer) 
to indicate whether the result is a trustworthy one or not, 
the need for extreme care cannot be too strongly enforced 
when using this instrument. 

This trouble becomes more marked the harder the 
alloy, probably owing to the fact that in the case of softer 
material a certain amount of self-adjustment takes place. 
The effect would probably be less, too, the greater the 
mass of the specimen. Since, in the majority of the 
tests about to be described small specimens were essen - 
tial, it is just possible that this trouble has been encoun- 
tered to an exaggerated extent. 

Thickness of specimen.—For these experiments four 
specimens were used, each being 1 in. diameter, the thick- 
nesses being 0.2 in., 0.4in., 0.6in., and 0.8 in. respectively. 
The specimens were ground to a level surface and finished 
with emery paper. The alloy used contained about 10 per 
cent. Al, and the tests were made on chill cast, water- 
quenched, and tempered specimens. The results are given 
in the tables on the next page :— E 

These results bring out several important points. 
(1) When the specimens are in the same physical state 
(e.g., when cast and when tempered) there is no great 
effect on the Brinell figure when the thickness of specimen 
is varied between 0.2 in. and 0.8in. (maximum variation 
+ 4 per cent.). 

The scleroscope tests on the 0.2-in. specimen are very 
erratic. Such differences as occur in the other series are of 
a systematic nature and indicate definite differences of 
hardness. 

There is a marked increase in hardness (as shown by the 
scleroscope) from outside-to centre. This is probably a 
casting effect aided by slight segregation. It has been 
noticed throughout the work, so. that in every case 
scleroscope hardness tests have been taken at regular 
intervals from outside to centre (approximately every 
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0.1 in.) and a mean value taken, and Brinell tests have 
always been taken midway between the centre and edge 
of the specimen. 

It can be said from these results that for Brinell tests 
specimens of 0.2-in. thickness can be used safely, but for 
the scleroscope tests it is advisable to use thicker pieces. 
Wherever possible this general rule has been followed, 
but in the case of duplicates in some quenching experi- 
ments specimens of only 0.1-in. thickness were necessary 
Taste [V.—Alloy as Cast. 








| 
| 
| Brinell 
Surface | Thick- | (3,000 Scleroscope. Aver- 
Finish. ness, Kg.). aze. 
} 
nom Ee Sees 
in. 
F emery 0.23 128 30, 20, 30, 30 30 
0.42 133 29, 30, 30, 29, 29 29.5 
0.64 126 27, 27, 27.5 27.0 
0,84 134 26, 27, 27, 26.5 26.5 
- Mean 1°06 — ~ 
eels, 











TABLE V.—Specimens Water-Quenched, 900 deg. C. 
Surface | Thick- | Brinell Scleroscope. Aver- 
Finish. | ness. | (3,000 Edge. Centre. age. 

Kg.). 
in. 
Femery| 0.2 201 ~| 48, 43, 27, 28, 28, 35, 40, 43 $5 

9 04 234 42, 47, 53, 60, 61, 63, 63 58 

9.6 174 37, 37, 41, 41, 44, 45, 45 $1 
0.8 168 40, 41, 42, 45, 46, — 43 














TaBLe V1.— Water-Quenched, 900 deg. C. Tempered, 
410 deg. C. One hour. 

















Surtace | Thick- | Brinell Scleroscope. Aver- 
Finish. | ness. | (3,000 Edge. Centre. age. 
Kg.). 
in. , 
000 0.2 175 42, 34, 28, 32, 37, 43, 45 37.0 
emery 
os 0.4 178 43, 45, 46, 48, 49, 47, 47 416.5 
0.6 168 35, 37, 38, 40, 42, 43, 45, 46 41.0 
0.8 166 44, 44, 46, 44, 45, 47, 47 45.0 
Effect of surface finish on scleroscope tests.—Three 


different finishes were tried, using, 0, 00, and 000 emery 
respectively. Since the same four specimens were used 
as for the “ thickness ” experiments, a further finish— 
F emery (i.e., much coarser )—can be added for compari- 
son. The results obtained are tabulated below (Table VII.) 

This series of tests bears out the former series on the 
effect of thickness, showing clearly that the results 
obtained with specimens 0.2.in. thick are very erratic, 
whereas with a thickness of 0.4 in. and over the results 
are quite constant. 

A wide variation in the roughness of surface is evi- 
dently allowable, but all subsequent tests were made 
on a surface obtained with 000 emery before polishing 
for micro examination. 

TaBLeE VII.—A lloy as Cast. 


Effect of Surface Finish on Scleroscope Hardness. 





Thick- Aver- 
Finish. | ness. Scleroscope Hardness. age. 
in. 
F 2 30, 30, 30, 30 ie 
Fr 0.4 29, 30, 30, 29, 29 29.5 
’ 0.8 | 27, 27, 27.5 27.07 28 
F 0.8 26, 27, 27, 26 26.5 
0 0.2 25, 24, 25.4 ied 
0 0.4 28, 27.5, 28.5 28.0 29 
0 0.6 | 28, 29, 29 a | 
0 0.8 21, 31.5, 31 31.0 
00 0.3 19, 20, 19, 21 20.0 
00 0.4 28.5, 28, 28 38:0 29 
00 0.6 29, 29, 29 29.0 
00 0.8 31.5, 32, 31.5 $1.5 
00n 0.2 15, 16, 16, 17.5, 19, 20, 22 18.0 
000 0.4 26, 26, 26 26.0 
900 0.6 26, 27, 26.5 26.5 27 
900 0.8 30, 29.5, 29.5 20:3 











Effect of Varying Load on Brinell Number.—This is the 

only remaining factor which it was thought necessary to 
investigate before proceeding with the actual research. 
_ In considering the best value for this variable, two 
factors come into play. First of all, in order to com- 
pare the present with previous work on the same alloys, 
and on steels especially, it is advisable to use the standard 
load of 3,000 kg. But, on the other hand, this has the 
disadvantage that it limits the range of application of the 
Brinell test, owing to the fact that alloys containing more 
than- 14 per cent. Al are very brittle in the annealed 
State. 

Moreover, since the Brinell number varies with the load 
applied, which particular load is to be chosen when 
atterapting @ comparison with scleroscope hardness 
tests ? 

Thomas (loc. cit.) has shown that in the case of mild 
steels a constant number is obtained by using a modified 
value (P1) for the pressure P in the equation— 

P 


He =. 


This modified pressure is given by 


3000 
3000+ KP + K) 


where K is a constant depending on the material, thick- 
ness of specimen, &c. For P = 3000 kg. the correction, 
as seen from the equation, is zero. 

Carpenter and Edwards (loc. cit.) give two curves for a 
series of Al Cu alloys, using two loads—1034 kg. and 
3000 kg. respectively. Their results are reproduced in 
Table VIIL., with the addition of the ratio of the hardness 
numbers obtained for the two loads. A glance at these 
ratios shows that there is no definite relationship between 
the two sets of figures. 


Fig.3. VARIATION OF BRINELL HARDNESS 
NUMBER WITH THE APPLIED LOAD. 


Pl = 


27% 
87% 





(64/6.C) 


Load in Kgm. 


Fig4. RELATIONSHIP BETWEEN BRINELL NUMBERS 
OBTAINED WITH 1500 KGM.TO THOSE 
WITH 3000 KGM. LOAD. 
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minations were made. Those values indicated by a 
cross in Fig. 3 were obtained by making a separate 
impression for each load, whilst those indicated by a dot 
were obtained by replacing the ball in the same impres- 
sion for successively increasing loads. 

The loads used were 500 kg., 1,000 kg., 1,500 kg., 2,000 
kg., 3,000 kg., and 4,000 kg. In each case the load was 
applied for 30 seconds. 


Tasie IX.—Effect of Pressure on Brinell Number. (Chill 
Cast Alloys.) ’ 


Same Impression for Successive Loads. 






































§s Brinell Hardness. 

£8 | Consti- Pt EFS Sree 
&. | tution. 

58 500 Kg 1,500 Kg. | 3,000 Kg. | 4,000 Kg. 
8.7 a 2.72 84 | 4.34 99 | 5.79 103 |} 6.64 101 

(annealed) 
9.7 | a + eut.| 2.50 100 | 4.05 111 | 5.27 127 | 6.10 123 
10 0 | a + eut. | 2.34 115 | 3.60 135 | 4.85 152 | 5.54 152 
12.6 | 6 + eut.| 1.997159 | 2.96 213 | 3.79 256 | 4.49 299 
13.3 | 6 + eut. | 1.547281 | 2.46 310 | 3.20 364 | 2.67 365 
14.3 | & + eut, -- 2.41 324 | 3.21 362 | 3.68 350 
Taste X 
Separate Impression for Each Load. 

g Brinell Hardness. 

se 

a 

FI . 500 1,000 1,500 2,000 3,000 4,000 
z& Ke. Kg. Kg. Kg. Kg. Kg. 

| ’ 

8.7 |2.78 81/3 .62 9414.86 95/4.74 1086/5.75 105/6.45 108 

9.7 |2.59 93/3.29 114|3.94 118/4.89 126/5.16 133/5.80 137 
10.0 |2 38 1113.15 125/3.71 134)4.14 142}4.85 152/5.65 145 
12.6 (1.94 168|2.53 196/2.93 217|3.82 226/8.91 240/449 240 
12.3 |1.549281 2.06 297/2.41 323\2.72 337/8.24 363/8.71 357 
14.3 | — /2.08 305/2.89 320/2.70 311/3.20 364/3.64 272 














From these figures, and still better from the correspond- 
ing curves, it will be seen that there is a gradual rise in 
the hardness number as the load increases to 3,000 kg., 
but after this it is practically constant. 

In Table XI. are given the ratios of the numbers (H,3999) 
obtained with a load of 3,000 kg. to those (H, ) obtained 
with other values (x) of the load. 


Taste XI.—Values of the Ratio 7. 



































Aluminium | 1300 | Hao09 | Haneo | Hage | Hoo | Ha000 | 1 

per Cent. | Hsoo | Hiooe | Hisoo | Haooe | Haooo | Haooo saad 
8.7 1.30 | 1.12 | 1.10 | 0.99 | 2.00 | 0.97 | 105 
9.7 1.43 | 1.17 | 1.13 | 1.05-} 1.00} 0.97 | 133 
10.0 1.37 | 1.22 | 1.13 } 1.07 | 1.00 | 1.05 |.* 152 
12.6 1.43 | 1.23 | 1.11 | 1,08 | 1,00} 1,007} 240 
13.2 — | 1.26 | 1.09 | 1.05 | 1.00 | 0.97 | » 853 

H3000 


It will be seen that the ratio is comparatively 





500 
tant for the series of alloys, and has an average value 
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TABLE VIII.—(From LHighth Report Alloys Research 
Committee. ) 
Brinell Hardness* using Two Loads. 





Brinell Hardness. 
H 
a oy Constitution. = 
1,034 Kg. | 3,000 Kg. 

5.07 a 113 124 1.10 
7.35 a 123 134 1.09 
9.90 a+f8 180 210 1.17 
11.73 B 213 269 1.26 
13.02 aorp+é 332 349 1.05 
13.50 a+68 372 437 1.17 
15.38 a+é6 411 539 1.31 














In view of this uncertainty, it was decided to make a 
preliminary examination of this effect, and also in the 
subsequent work to use whenever possible two different 
loads (1,500 kg. and 3,000 kg.). 

The results of these comparative tests on six alloys in 
the chill cast state are given in Tables IX. and X., an 
are plotted in Fig. 3. The tests were made on specimens 
1 in. diameter by 3} in. thick, and two sets of deter- 





* The hardness res given in this table are not com. 
parable directly with those obtained in the present work, 
as these authors used Benedick’s modified value. 


P Site 
H= z* a p 
where p is the radius of the stee] ball. The hardness 


number thus becomes independent of the radius. Hence 
the values above need to be divided by 1.367 in order 





to be comparable with those contained in this paper. 





of 1.11, The restlts of a preliminary series of heat treat- 
ment experiments are shown in Fig. 4, the ordinates bein 
hardness numbers obtained with a 3,000 kg. load, an 
the abscisse hardness numbers obtained with a 1,500 kg. 
load. The equation for this curve is: Hag = 1.06 
Hjs00, and most of the observed points fall within 5 per 
cent. of this. It would appear that even when great 
care is taken with the Brinell test, the results are only 
accurate within + 5 per cent. of the true number. 
Although this work has not been carried far enough 
to admit of any general deductions, there are several 
interesting points about the hardness-load curves which 
might repay further investigations. The equations, for 
five of the curves are given below, representing the 
results obtained with loads of 500 kg. to 3,000 kg. in- 
clusive. 
Aluminium per Cent. 
of H == P0135 + 101-55 


9.7 H == POlé + 101-67 
10.0 H = Poul? + 101-59 
12.6 H == P020 + 101-69 
13.3 H = Pols + 101,95 


H = hardnese number 
P = load in kg. 


Extrapolating from these equations, the curves in Fig. 3 
have been extended to the zero-load axis(the extrapolated 
portions of the curves are shown in broken line), It 
would be very interesting to know the physical meaning 
of the constant in the equations, for experimentally the 
curves must all start from zero. It seems probable, there - 
fore that this constant might represent the hardening 
effect of the cold work which necessarily accompanies 
the test. 

Summary of the Preliminary Experiments on the Brineli 
and S Tests,—1. It has been decided to adopt 
a standard time for the application of the Brinell load, 
erg 30 seconds, : 

2. With coarse structures consisting of two constituents 
of widely different hardness, scleroscope tests must be 
made with great care, and the average of a large number 
of tests taken. The effect on the Brinell test ia naturally 
much less. . : 

3. For Brinell tests the specimens need not be thicker 
than 0.2 in., but with the scleroscope the results are erratic 
with this thickness, but are quite consistent with speci- 
mens of 0.4 in, thick and upwards. 

4. A wide variation in smoothness of surface is allow- 


where 
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allowable for the scleroscope tests. 
finish with 000 emery has been used for all hardness tests. 

5. The Brinell hardness number increases with the 
load, but becomes comparatively constant with a load of 
3,000 kg. and upwards. The ratios of the numbers 
obtained with a load of 3,000 kg. to those obtained 
with other values of the load have been determined within 
the limits of accuracy of the method, so that a hardness 
number obtained with 1,500 kg. load can be converted 
for comparison with a 3,000 kg. number. 

6. Extrapolation to the zero load axis by means of 
equations connecting the hardness with the pressure 
shows that there 1s a fraction of the ‘‘ hardness number ”’ | 
which is independent of the pressure, but varies with the 
material. This may in some manner be connected with 
the ‘‘ cold work hardening power.” 

The Effect of Quenching Temperature on the Hardness of 
Alloys containing 9 to 16 per cent. Aluminium.—It is well | 
known that in certain classes of steel raising the quench- 
ing temperature above that necessary to obtain all the 
elements in solid solution results in a more perfect 
retention of the “ hot stable "’ state. 

The following experiments were carried out to deter- 
mine whether this was the case with Al-Cu alloys, and 


However, a surface 


' 


Alloy 10% Al. 


. : : 
No, 1.—40 grm. Specimen-W.Q. 600°C No, 2.—40 grm. 
Structure a+B 


Scleroscope hardness, 57. 
tion 60 diameters. 


Structure a+. Brinell hardness, 141 ; 
Scleroscope hardness, 38. Magnifica 
tion 60 diameters. 


larger specimens. 


| of 


They have not been included in Fig. 5 
in order to avoid confusion. 

Considering these curves now in detail, it is seen that 
the first effect of raising the quenching temperature of 
alloy 87 is to cause a softening, due, as is seen from the 
microstructure, to the disappearance of the 8 solu- 
tion of the chill casting, until at 700 deg. C. a minimum 
hardness is reached, and all the 8 has become a with 
its typical broad “twin” markings. It will be shown 
later that such an alloy has by no means reached equili- 
brium. On further raising the quenching temperature 
the a+ 8 area of the phase diagram is again entered 
and the hardness gradually increases with the quantity 
This curve is chiefly of interest as showing how 
delicately hardness determinations follow phase changes. 

The curves for alloys 97 and 100 show an increase in 
hardness with quenching temperature until a tempera- 
ture of 850 deg. C. to 900 deg. C. is reached. In both of 
these cases quenching at higher temperatures gives rise 
to a slight softening, as shown by both the scleroscope 
and Brinell tests. It is, however, not due to a better 


retention of the hot stable state, but to a greater decom- | 


position of the 8 solution. Alloy 100 becomes pure 8 
xetween 850 deg. C. and 900 deg. C., but the retention of 


(Quenched at different temperatures. Keduced by one-fifth. 


Specimen.W.Q. 760°C. 
Brinell hardness, 192; 
Magnifica- 


No. 3.—40 grm. 
Structure B 


Specimen W.Q. 850°C. 
decomposing. 
hardness, 250; Scleroscope hardness, 
80°5. Magnification 60 diameters. 


this state completely by quenching, has been found to bx 
impossible even with a specimen weighing about 5 grms. 
The effect of increasing the temperature is apparently to 
cause a slower cooling, with a consequent greater decom - 
position of the 8 solution. The microstructure of a 
specimen quenched from 900 deg. C. and of one quenched 
from 1,000 deg. C. are shown in Nos. 5 and 6, low 
It will be seen in the latter case the decomposition has 
gone very far. 

Alloy 126 is on the other side of the eutectoid point, 
and the 8 to 8 +4 transformation is only about 100 
deg. C. above the eutectoid transformation. In this case 
raising the quenching temperature causes a marked 
softening until the alloy is retained as pure 8, and after 
this there is no definite change in the hardness. This 
alloy is very readily obtained as pure 8, even in large 
specimens. 

The experiments carried out on alloy 133 are only 
interesting as showing the rapid change in the velocit 
of decomposition of the 8 solition, with comparatively 
small changes of composition. It was found to be im- 
possible to quench efficiently 10-grm. specimens of this 
alloy. Up to a quenching temperature of 750 deg. C. 
the alloy is found to soften. Above this temperature 





No. 4.—5 germ. Specimen W.Q, 850°C. 


Brinell Structure <Imost pure B.  Brinell 
hardness, 254. Magnification 60 dia- 
meters. 





No. 5.—40 grm. Specimen W.Q. 900°C. No. 6.—40 grm. Specimen W «2. 1000°C. No. 7.—Alloy 13°3 % Al. W.Q. 810°C. Extreme No. 8.—Same specimen as No. 7. Interior 


Structure 8 depositing a along cleavage Structure 


planes. Brinell hardness, 262; Sclero- Brinell 

scope hardness, 74. Magnification hardness, 

120 diameters. diameters. 
also to see how the hardness changed. when various 


structural changes were brought about by heat treatment. 
Andrew (loc. cit.) draws attention to the fact that for an 
alloy containing 12.5 per cent. Al ‘‘no difference in the 
hardness was detected, the values being the same for 
quenching at all temperatures between 570 deg. C. and 
1,100 deg. C. This statement has been confirmed by the 
present work, but since the alloys in the neighbourhood 
of the eutectoid point (12 per cent. Al) are the easiest to 
retain in the 8 condition. it was thought advisable to 
repeat the experiments with alloys of varying composition. 
Accordingly alloys containing 8.7 per cent., 9.7 per 
cent., 10.0 per cent., 12.6 per cent., and 13.3 per cent. 
Al were quenched from successively increasing tempera- 
tures, a separate piece being used for each experiment. 
The test-pieces were all 1 in. diameter and 0.4 in. thick. 
In the cases of alloys 100, 126, and 133, duplicate pieces 
0.1 in. thick were quenched along with the larger speci- 
mens. In such cases the two specimens were placed side 
by side in a tube furnace, and after the desired heating 
they were rapidly removed (separately) by means of an 
attached loop of wire and quenched. The alloys were 
originally in the chill cast state, and were “ soaked ”’ for 
15 minutes at the maximum temperature (registered by 
a thermo-couple placed alongside the specimens), except 
in the case where Tmax. = 1,000 deg. C., when only 
5 minutes were allowed, owing to the rapid growth of the 


grains at this temperature. After the quenching, Brinell | 


and scleroscope determinations were made and the 
microstructure examined. . 

The results are given in Tables XII. to XVI., and are 
plotted in Fig. 5 (page 281). Since in the cases -where 


duplicate specimens of different size were employed, the | 
hardness-quenching temperature eurves run practically | 


parallel with, though slightly above (scleroscope tests) 
or below (Brinell tests) those corresponding with the 


hardness, 248; Scleroscope 


fine mixture of a+. edge. Structure 


150 diameters. 


B. 


000. Magnification 500 


TaBLe XII. 


Alloy, 8.7 per cent. Aluminium. Effect of Quenching 
Temperature Pieces 1 in. x 0.4in. Temperature of 
Water, 17 deg. C. to 20 deg. C. 









































Magnification 


unetched. Brinell hardness, 303; 
Scleroscope hardness, 77. Magnifica- 
tion 150 diameters. 


TasBLe XIIT. 


Alloy, 9.7 per cent. Aluminium. 
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Brinell. 














] 
| Seleroscope. | 
so. 
Ee Treatment. A g & 2 2 | Constitution. 
oo = . i 
- eiei|s | /é | 
e\e|2el-e[e | 
S | T.1hour | 34 | 35 [35.0] 134) 145 | - _—. 
S$ | T.22 hours | 27 | 32 /28.5| 135} 147 | a + eutectoid. 
S leg.C. A 
| >.$| W-Q. 590 | 25 | 30 |27.5) 118) 135 «+8. 
22) w.Q. 650 | 25 | 32 |28.5/ 122) 126|/a+ 8. ) 
$°iw.Q. 7 34 | 26 |35.0| 124] 138 | a + B (increasinz) 
25| W.Q. 750 | 36 | 39 [37.0] 136] 155 | a + B (increasing) 
ZElw.Q. 810 | 42 | 46 |44.0) 160) 172 | a + B(increasing). 
S =] w.Q. 850 | 42 | 47 |44.¢| 166] 177] a + 8, chiefly B. 
=e! w.Q. 8&8 | 44 | 46 ate | 159} 178|a + 8, e@round- 
ze mass is a fine 
= mixture of a 
da B, chiefly a. 
$&| W.Q. 950 | 36 | 42 /89.0) 159] 163 | Fine mixture of a 
2 + £8, chiefly «. 
© | w.Q. 1,000 | 30 | 39 |34.0) 153) 162 | Fine mixture of « 
> + B, chiefly «. 

















(i.e., at 800 deg. C.) the 8 area has been reached, for the 
quenched specimen has an annular band of pure 8 
several mullimetres wide, as shown in No. 7, above. 
In the interior of the specimen decomposition has taken 


| place, as indicated by the hardness having increas¢ d to 
'its original value, and also by the fact that the usual 


= Scleroscope. | Brinell. | 
bo | Treatment. 2 | 5 & 2) 2 | Constitution. 
& | BE; e&| sz > | 
= | (2\% | ¢12| 8 | 
| Ie lei a}Hl | 
— |*T 1 hour | 21 | 25 |23.0) 104] 110 — 
— |*T 22 hours) 24 | 25 |24.0) 106) 107/ a +- small quantity | 
grm. deg. C. eutectoid. 
46 W.Q. 590 1 | 25 |23.0] 94) 97) @ (faint indication 
of twins) + 8. 
46 | W.Q. 659) 19 | 22 [20.5) 89) 97) @ (faint indication 
| | of twins) : 
smaller quantity 
of 8. 
4t W.Q. 700; 18 | 2) /19.5) 83) 93) «a markedly 
twinned No. 8. 
51 W.Q. 750; 19 | 21 |19.5} 89) 95)a -+ 8B (small | 
quantity). 
47 W.Q. 810} 21 | 26 /23.0) 103) 106) a (crystals smaller 
and much twin- | 
ned) + 8. 
| 51 W.Q. 850| 27 | 29 ;28.0) 108) 117) a + 8 (increasing). 
, 44 W.Q. 880) 26 | 29 [28.0] 113) 125) a + 8 (increasing). 
| 52 W.Q. 950) 28 | 31 [29.5] 118) 128] a +- 8 (increasing). 
50 =| W.Q. 1,000} 27 | 29 [28.0] 119} 127|/a + 8 (decreas- 
ing). 
*T. = tempered, W.Q. = Water quenched. 


etching reagent (FeCl; + HCl) attacked it deeply imme- 











Marcu 15, 1918. ] ENGINEERING, 


attainment of equilibrium, a series of prolonged heating 
experiments was carried out. 
ese were made on alloys 87, 97, 
TaBie XV. 
Alloy, 12.6 per cent. Aluminium. 
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diately when applied, thus suggesting that the alloy was 
a finely divided mixture. The peculiar relief structure 
shown in No. 8, 4 gece is typical of the unetched 
alloy when quenched above 750 deg. C. Raising the | 


TaBLeE XIV. 


towards the stable state), they will no longer be dis- 
tinguishable as a separate constituent on etching. But 
since the alloy is harder than it would be if it consisted 
of a mixture of two a solutions of compositions corre- 
sponding to the unsaturated and supersaturated portions 





100, 126 and 133, 





TaBLe XVII.—Time required for Specimens to attain 



























































Alloy, 10.0 per cent. Aluminium. (See Micro hs 1 to 6.) a . | a” 4 
y pe ; : aot, ps ‘ . gé 23 - 3 Sz , ~ Pn at a Temperature in the Neighbourhood of 
Bie SHS 2.3 a es SS 38 gq. C. 
= 3 ni Constitution. 
8 Sclerosecope. | Brinell 5 we |2 be B38 ae FL & g ‘ol —— 
Z BSaR\s5° & s2@ EY = ite | ___ Brineli (1,500 Kg.) . 
5 Treatment.| 2 | | ¢ | & | S| Constitution. ; ‘ <a Tene at $.7 9.7 10.0 12.6 13.3 
aie s|2\& |} nn 600 Deg. Gent Gent 
= E\/£/¢ deg. C. deg. C| mins | grms. to 650 | Per Cent. | per Cent. | per Cent. | per Cent. | per Cent. 
a ~eizgie 2 z 6 18.0 15 | 10.3 | om Deg Alu- Alu- Alv- Alu- Alu- 
s = £ L ale | a“ one ’ 34.85] 250 | 71.0) @ +6. ~* | minium. | minium. | minium. | minium. | minium. 
silo Be | 650 | 9.0 16 | 10.5 - ; ' “| l ~— 
-- — | — | 34.3 191 | 57.5 | B + &. ’ ‘ | o17 . 
T.Lhour | 31 | 42 |37.0) 171) 178 aaa | 700) | 10.0] 15 | 10.9 - | 56.0 Goel mong 4 +4 a pod = 
z | T- 22 hours) 33 | 41 |36.0) 166] 178) « + eutectoid. | — | — | — | 36:0] 186 | 51.5 | 8. 3 days 81 efit ee 
g eg. C. 50° | 9.0] 15 | 10.15 55.0 r tape ae ae 
& |w.Q. 590| 35 | 41 [38.0] 141| 1447/0 + 8. a ~ | — | 35.75] 186 | 47.0] B 7;*"| Te? pe “— | = 
= | w.Q. 650] 37 | 41 |40.0) 148] 160] __,, |. g10 10.0} 15 | 11.2] — | 50.0 9 ee 73 | 107 & E 
E | W.O. 700] 39 | 50 /45 0| 176] 184] _,, a — | — | 30.2] 182 | 46.5 | 8. 10 eh) By -. z “ee pas 
> |W.Q. 750] 5€ | 59 [57.0] 192] 212) _,, 850 9.5} 15 | 11.6 | — | 58.0 a iW wey Abate | ie 187 252 
= |W.Q. 810] 70 | 81 |74.5| 264) 270] Very complex. £8 - | - | - 37.3 127 | 50.0 | g. 12 igh sit " 87 25 
Es onedge, a+ 8) 900 | 8.0] 15 12.1 - | 57.0 | B. Marked sur- | 42 ma 79 me Ms 
= inside. | | face deforma-| 14 5 = 10! 
* | W.Q. 850] 80 | 82 |80.5| 250] 279 Chiefly & groom | | | tion. 17 67 : 
2 posing toa + |} — | — | 38.25) 383 | 52.5 — 20 5 es } 
= No massive a. 90 | 9.0) 15 76 51.0 | 8. Minute pim- ro S | M 
2 | W.Q. 880] 65 | 86 |74.0) — | 271 a ples on surface. | ~ | o m3 
> mn parts ne — ;— - 36.7 168 | 49.5 —_ - — a 
3 mixture a+ B-| 1,000 | 9.0| 15 9.0 | - — |B. Marked sur- . 
= |W.Q. 950| 70 | 70 |70.0| 262) 264)a + 8B, fine mix- } face deforma- | Tespectively, it seems to point to the conclusion that 
= on 18 sal at re ——_, | | tion and www although the 8 solution is not evident as a separate con- 
.O. 1, —_—_i—i— 2 3 a ; x- | mply tehes i i 
dunt a cate. | | is | os) ws | 20.8 | pimply pa rea tg there are still some 8 molecular aggregates 





Fig.5. HARONESS OF ALLOYS CONTAINING 8-7 PER CENT., 
9-7 PER CENT., 10-0 PER CENT., 12-6 PER CENT., AND 13-3 PER CENT. 
ALUMINIUM. WATER QUENCHED AT DIFFERENT TEMPERATURES. 
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Fig.G. TIME REQUIRED FOR CHILL CAST 
ALLOYS TO REACH EQUILIBRIUM AT 600°C. 


(5416.0) 





600 
Temperature 


700 e0o0 900 7000 


| starting from the chill cast state. The specimens were 
kept at a temperature of about 600 deg. C. and periodic- 
ally they were removed from the furnace and quenched. 
A Brinell determination was then made and the alloys 














complete transformation of the 
least 20 days at a temperature of 600 deg. C. 


An examination of the curves in Fig. 6 shows that the 
8 molecules takes at 


(To be continued.) 





Prersonat.—Mr. C. H. Wordingham, M.Inst.C.E., 
whose official title under the Admiralty has hitherto 
been Superintending Electrical Engineer, will in future 
be known as Director of Electrical Engineering, and his 
department will no longer be attached to that of the 
Director of Naval Construction, but be entirely separate 
and self-contained, 





5,000-ToN Remnrorcep Concrete Suip.—One of the 
most daring experiments in concrete shipbuilding, says 
International Marine Engineering, New York, is the 
project now under way at Redwood City, Cal., where 
the San Francisco Shipbuilding Company is building a 
reinforced concrete freight en of 5,000 tons 
deadweight carrying capacity on a draught of 24 ft. 
The vessel is 320 ft. long, 45 ft. beam and 31 ft. depth 
moulded, She will be fitted with Scotch boilers and a 
triple-expansion reciprocating engine of 1,750 h.p., 
designed to give the vessel a speed of 10 knots at sea. 
Tank storage space for oi] fuel will be provided sufficient 
for thirty days’ steaming at her designed speed. Our 
contemporary illustrates the ship in course of con- 
struction. 





Navat Honovurns.—The S to the London 
Gazette of the 8th inst. records the honours, decorations, 
and medals awarded to officers and men of the Navy in 


a» afterwards replaced in the furnace. The results are| destroyer and torpedo-boat flotillas up to the end of 
E shown in Table XVII. and are plotted in Fig. 6. In| 1917. " Amongst soe the following, belonging to the 
2 connection with alloys 87 and 97 it was noticed that engineering branch of the service, may be noted :— 
even when they were structurally simple, i.e, when|p) pe « Companions of the Distinguished Service 

S woh Order": Engineer-Commander Alfred Saunders, R.N., 
x Taste XVI. Engineer Lieutenant-Commanders G. H. Sampson 
Alloy, 13.3 per cent. Aluminium, Sanders, R.N., H. C. Rodney Johnson, R.N., G. D. 

3 ar rr SG eae ee . Campbell, R.N., and Colin J. Gray, R.N. To receive 
3 wh Be _ a g the Distinguished Service Cross: Chief , Artificer 
_* cB 33 | oF Ss | au ° Engineers: P. N. Flannigan, R.N., and F. Duckworth, 
% sé ES E 28\ 8 z Constitution. | R.N., and Artificer-Engineer A. H. Benfield, R.N. 
R cs | oF 3 33) es| & To receive the Distinguished Service Medal: Chief 
55 o° Ea = 3 Engine-Room Artificers Percy Ambler, H. F. Austin, 

120 fee. OK th. B. H. Bartholomew, Robert lack, W. A. C. Chandler, 
Alex Cunnin m, P. T. Darton, F. J. Fleming, P. A. 

- a = = mr — | 39.0 ~— Fryer, F. C. i. Gutridge, B. J. Handyside, Thos. Hewitt, 
80 te — — | 37.4] 306 | 76.0 |B + 8 A. W. Jenkins, L. E. Keller, E. C. Lowman, F. E. 
: ’ 460 9 15 9.5); — a. 4 - er wine a G. a Sa — eee 
’ 7 al ingine- mi rtificers istopher e, \ . 
g 40 700 tae 15 a 2n6 os + o Cammben, Robert Ferguson, W. A. ey W. N.S. 
oO @ 8 12 18 RO 24 28 sie bss ~~ | 36:6! 272 | 74.0 8 mg he M. —— dey Semple, -¥ P. ies my 
(5416.6) Time in Days 750 8 15 7.3 | — | Very - e following have m mentioned in spatches : 
variable Engineer-Commanders D, E. Duke, R.N., Percy Pollard 

quenching temperature gives Similar results, the ‘sup- 810 - ib —3 aad 4 e+ " a RN., a or Se ae 
pression of the transformation being very variable edges. ‘omm. SS , : B. Se RN.LG 
ys soe each specimen, with consequent variation a - 26.4 303 | 77.0 ame - oe oe a ne oe RN athena. 
in the hardness. 850 9 15 Tou ~ 63.0 Very variable. - . a , ° 4 — a? Se i 
This series of experiments has shown, therefore, that ee o ~ |35.3] 208 | 74.5 {§ in parts. Lieutenant C. B. Smith, ey on ae oe 
the 8 solution varies enormously in its transformation ‘a re “ B+ A in others. | 8. E. Soper, R.N., and J. N a John Ber ‘ nN. 
velocity, according to its composition, in the sense that| 9° ‘ 156 | 7-6 — 73.0 ae Engineers, A. F. Fewins, R.N., and John Berry, R.N., 
te : . -- - — | 37.3 | 262) 69.0 Chief Engine-Room Artificers A. H. Andrew, Wm. Boyd, 
the latter departs from that of the eutectoid point] 950 7 15 | 10.2 — 76.0 —_ Joh Come gig menage id. FLW il 
the reactions 6 —> a+ 8 and B=>B8 + 38 increase} eS — | 85.0 | 295 | 76.0 —_ ry * on M. McCheyne, » F. W. Goodall, 


enormously in velocity. Another point which has been 
brought out is that in the case of those alloys with high 
transformation velocities (below 10.5 per cent. Al and 
above 13 per cent. Al) an increase in the initial tempera- 
ture tends to reduce the chance of retaining the pure 
3 solution, possibly by reducing the rate of cooling. 
Time Required to Attain Equilibrium in these Alloys.— 
During these latter experiments the remarkable sluggish- 
ness of the alloys (as regards equilibrium between the 
various solid solutions) was noticed, and in order to 


obtain an idea of the length of time required for the | 














according to the miscrostructure they consisted of the a 
solution, further annealing reduced the hardness. As 
has been said, the alloys as cast were duplex, and the 
effect of the annealing 1s to allow diffusion to take place 
between the a and § solutions, the former being un- 
saturated and the latter supersaturated with respect to 
the stable state. Now when diffusion has taken place 
to such an extent that the previous 8 areas have become 
supersaturated a areas (as they must in their passage 





ohn Myles, F. G. 
Nicholas, C. J. Patterson, G. A. Sanders, J. G. H. 
Sheriff, John Summers, Richard Taylor, James Till 
and J. W. Wright. Engine-Room Artificers G. A. 
Abraham, A. D. Ainsworth, Nelson Hughes, A. E. 
Jones, Fred Phillipson, C. J. Sergent and W. A. Thomas. 
In addition to the foregoing Engine-Room Artificer 
Wm. Thompson is to receive the Distinguished Service 
Meda! for services in action with enemy submarines, 
while Chief Engine-Room Artificer R. H. Prowse is to 
receive the same medal for miscellaneous services. 
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ELECTRICAL REVERSING ROLLING MILL. 


ALTHOUGH reversing rolling-mill plants with elec- 
trical drive are now coming into favour, a very con- 
siderable number of new equipments being under con- 
struction in this country at the present moment, the 
installations actually at work in Great Britain are 
rare enough to make a brief description of the most 
recently completed plant of considerable interest to 
engineers, and steel works engineers in particular. 
So far, we believe, only three such installations are at 
work in this country, although in the States, Canada 
and on the Continent there are many mills electrically 
equipped. The hesitation shown here in adopting the 
method is no doubt largely attributable to financial 
considerations, since for many years prior to the war 
the average return on capital invested in iron and 
steel manufacture was far from sufficient to induce 
directors to sanction innovations of an experimental 
character, ‘Tae pioneering work and the prestige 
which results from its successful prosecution was 
accordingly left to other countries where the condi- 
tions were more favourable. The advantages of the 
system have, however, now been demonstrated, and a 
number of our rolling-mills are now being equipped 
with electric driving gear, and it is satisfactory to note 
that the work is being successfully executed by British 
firms, 

There are, perhaps, two important features which 
an electrically-equipped reversing mill should possess. 
The first of these pertains to the motor, and is that the 
machine should be capable of dealing with the excessive 
peaks which occur in everyday practice, and which 
peaks would, and do, often slow down or pull up a 
steam rolling mill under the same working conditions. 
The other feature pertains to the generator of the 
flywheel set, which must be capable of stopping and 
accelerating the mill motor extremely rapidly. Given 
these two features, the electrical plant will, it is 
claimed, always possess a distinct advantage in the 
way of steady weight of output. 

The installation which we illustrate on Plate XXV 
and page 284 has been installed at the Jarrow works 
of Palmers’ Shipbuilding and lron Company, Limited, 
by the British Westinghouse Electric and Manufactur- 
ing Company, Limited, of Trafford Park, Manchester, 
who have specialised in work of this class and have 
already over 90,000 h.p. of rolling-mill motors in this 
vountry, 

The general arrangement of the electric gear is 
represented in Fig. 1, the left hand set showing the 
plant in its present condition, whilst the remainder 
indicates an extension now being built and a further 
portion to be installed at a laterdate. Figs. 2 and 3 
show the induction motor and flywheel. The mill 
motor, of which a photograph is reproduced in 
Fig. 4, page 284, has been designed for, and is dealing 
with, a torque of 140 metric tons at a speed of 
40 r.p.m., which figure is well above that met with 
in rolling the particular size and weight of ingot 
over the time specified, for instance, rolling 4-ton 
ingots, 20 in. by 18in., to 6in. by 64 in., and an output 
of over 35 tons per hour is easily obtained. 

The possession by the generator of the second feature 
mentioned above is also absolutely essential if the 
maximum output is to be reached. In this connection 
it should be remembered that with Ward-Leonard 
control the generator field at the end of every pass is 
reduced to zero value during the reversal of the mill, 
and is then built up in the required direction until 
the selected speed on the mill motor is obtained. 
Although the torque due to the inertia of the masses 
to be stopped or started in the time by the mill motor, 
is small compared with the torque due to the resistance 
of rolling and friction, the former must be impressed 
positively or negatively within an extremely short 
interval of time. Further, in order to effect the rapid 
stopping of the mill motor against its own inertia and 
the inertia of the other moving masses, the generator 
field is first reduced and the motor then acts as a 
generator, returning energy to the line by way of the 
generator and iriduction motor. The machine is then 
brought quickly to rest, and may be reversed in an 
exceedingly short space of time. With a modern 
compound steam mill quick stopping is effected by an 
analogous method through th» use of an intercepting 
valve placed in the low-pressure steam chest, and 
operated in conjunction with the usual throttling 
arrangement; by this means the steam during 
deceleration is compressed in the receiver and the 
engine brought quickly to rest. The steam is then 
available for starting up in the reverse direction, the 
turning moment of the low-pressure cylinder being 
available right away for this purpose, in addition to 
that of the high-pressure. 

It may be stated, therefore, that either an electric 
or a steam plant can be brought to rest in a short 
space of time, the advantage if anything being with 
the electric plant, as almost any magnitude 


of decelerating. This being so, it remains to be seen 
in what manner the electrical equipment is speeded up. 
It might be thought that at first glance the steam 
engine would have the advantage, and could accelerate 
the mill, &c., by the operator quickly moving the 
throttle to full open, thus impressing full available 
pressure on the pistons. The arrangement of the 
electric controls and gear by which equivalent results 
are obtained is illustrated diagrammatically in Fig. 8, 
page 284. 

The plant consists, it will be seen, of an induction 
motor I.M. fed with three-phase current as indicated. 
The leads to this motor have interpolated in them the 
slip regulator and starter 8.R., which is controlled by 
the torque motor T.M. The induction motor drives 
the generator G.G., having mounted on its shaft the 
heavy flywheel F.W. The generators supply current 
to the mill motor M., an overload circuit breaker 
0.C.B. being comprised in the circuit. The mill motor 
is regulated by the controller C established on the 
field circuits of the motor M and of the exciter E. 
This exciter is driven by a motor E.M. taking its 
current from the D.C. current, as shown. S.D. is a 
safety device and F.F.R. is a field-forcing relay, of 
which the purpose will be explained later. 

The safety device S.D., Fig. 8, consists of a 
circuit-breaker and no volt coil placed in and across 
the generator and exciter field. Should the voltage 
fail from any cause, a weighted lever is released which 
actuates the rheostat first to insert resistance into the 
exciter field, and ultimately to break that circuit. 
At the same time the main circuit-breaker is opened. 

The controller C, Fig. 8, consists of an apparatus 
by means of which the field strength of the generator 
is varied between zero and full strength at the will of 
the mill operator, thus raising or lowering the voltage 
in the main which is dependent on the strength of 
the generator field. The speed of the motor then 
follows the generator voltage. The controller also 
reverses the field in order to reverse the direction of 
the rotation of the motor at the end of each pass of 
the ingot through the rolls. The controller consists 
of an arrangement of resistances which are either 
automatically or by hand, cut out of the generator- 
field circuit after the first movement of the control 
lever in either direction. 

At the neutral position of the operating lever there 
is no field on the gerterator and consequently the motor 
is at a standstill. When the lever is moved in either 
direction from the neutral or stop position, the 
generator field is built up and the motor speed rises 
until near the end of the pass, or until the “ Ward- 
Leonard ” limit, or the normal full speed is reached. 
The time of acceleration may be shortened to any 
reasonable extent, as described below. 

If the billet is a long one, the speed of the motor 

is further increased by a further movement of the 
control lever, whereby resistance is inserted into the 
mill motor field. When near the end of each pass, the 
generator field strength is decreased, and the motor and 
rolls are brought quickly to rest by means of the 
regenerative braking effect ; the motor acting as a 
generator and driving the generator as a motor. 
The result is that the flywheel which, during each pass 
of the billet through the rolls had dropped in speed, 
is again speeded up, and at the same time any surplus 
energy is returned to the line by way of the induction 
motor. 
It is found with normal voltage suddenly impressed 
on the field of the generator that the rate of acceleration 
would be, in most instances, rather slower, owing to 
the natural lag due to self-induction, than the require- 
ments of reversing mill work might call for. Owing, 
however, to the adaptability of electrical control, 
this sluggishness is very easily dealt with, and the rate 
of acceleration increased to any desired degree, even 
up to such a rate as would make it impossible to handle 
the material. This is effected by impressing, through 
an electrically limited interval of time, a voltage 
much higher than normal on the generator fields. 
It will be observed from Fig. 8, that the field forcing 
device utilised for this purpose is controlled by the rise 
in voltage in the main circuit between generator and 
mill motor, the exciter field resistance being inserted 
when a predetermined voltage in the main circuit is 
reached, together with a corresponding speed ot the mill 
motor. The effect of the forcing of the generator field 
in this manner is shown in Fig. 9, together with a 
comparison with a normal field voltage applied to the 
same field. The curve is perhaps somatheate for show- 
ing the effect of self-induction on rather a large scale. 

The following are some data relating to the equip- 
ment described in this article :— 


Mill motor 2,500 h.p., R.MS. rating. 

Mill motor 8,500 h.p., peak. 

Mill motor 0/40 r.p.m., with Ward- 
Leonard control. 

Mill motor 40/75 r.p.m., with rheo- 
static control. 

Mill motor Forced ventilation with 





momentary negative torque is available for the purpose 





filtered air. 


Generators .-» Two, 1,000 kw. 

Induction motor... 1,350 b.h.p. 

Induction motor... 600 r.p.m., synchronous. 

Induction motor... Supply, three-phase, 40 
per., 5,750 volts. 

Flywheel ... 35 tons, speed about 


22,500 ft. per minute. 


In designing the flywheel, of which very full details 
are given in Figs, 5 to 7, the object aimed at has 
been to secure the greatest possible store of energy in 
a given weight of whee] and without excessive stresses. 
As is well known, the maximum stresses in a rotating 
disc are doubled by piercingit at the centre. Hence, as 
shown in Fig. 5, the wheel is, in this case, solid 
throughout, following the precedent established with 
the de Laval turbine. A solid mass of this kind is 
awkward to handle in the shops, and Figs. 5 and 7 
represent the blank with the provision made for lifting 
the forging in its unfinished state. 

A complete duplicate system of centrifugal tans, 
with filter for the forced ventilation of the motor, 
also duplicate sets of oil pumps with tanks for the forced 
lubrication of the bearings of the flywheel motor 
generator set, are provided. With regard to the latter, 
it may be remarked that as a test the set has been run 
for a long period under observation, without using 
the forced lubrication. Throughout this test there 
was no undue rise in the temperature of the bearings, 
and, indeed, forced lubrication is installed more as a 
reserve in case of an emergency than as a necessity. 
One pump is, however, kept running constantly. 

A second motor generator flywheel set is at present 
being built together with a similar motor to that above 
described, and designed to drive a reversing finishing 
mill adjacent to the present cogging mill. The new 
motor generator set will be coupled to the existing 
set, although it can, if necessary, be run as a separate 
unit. Later, an additional pair of generators will 
also be coupled up, and will operate a third mil] motor. 
Fig. 1 shows, in outline, the whole composite flywheel 
set as it will be when completed. The total overall 
length will then be about 85 ft., and the set will com- 
prise two induction motors, six generators with two 
flywheels, the whole designed for driving three reversing 
mill motors. 

In connection with Fig. 8, which shows schematically 
the control gear, it should be noted that for the sake 
of clearness, all switch gear and instruments have 
been omitted. 





SHIPBUILDERS AND THE GOVERNMENT. 
Tue Shipbuilding Employers’ Federation and the 
Shipyard Trade Unions have made the following joint 
statement :— 

The remarks of the First Lord of the Admiralty in his 
speech on the Navy Estimates have been widely inter- 
preted as implying failure by the shipbuilding industry 
—in whole or in part—to realise even at this late date 
the serious situation in which the country stands. In 
these circumstances the Shipbuilding Employers’ 
Federation and the Shipyard Trade Unions teel it to be 
a duty to the public as well as to their respective con- 
stituents, to call attention to joint action recently taken 
by them. This they do in no spirit of controversy—the 
times are too serious—and with no desire to claim special 
credit for having realised a situation, failure to realise 
which would have merited the severest public censure. 
On November 14, 1917, a letter was addressed to the 
Prime Minister by the federation and the trade unions 
as follows :— 

** Representatives of our respective organisations met 
at Newcastle last week in conference mutually convened 
to consider the question of man-power in shipyards and 
the closer relationship between employers and workmen. 
“Being fully conscious of the vital importance of 
merchant shipping production both in the direct prose- 
cution of the war and in maintaining the food supplies 
of the nation, all present learned with satisfaction 
that the Government had made arrangements to divert 
largely increased supplies of steel to merchant ship- 
building. Both employers’ and workmen’s representa- 
tives felt it to be their bounden duty not only to compose 
in as satisfactory and friendly way as possible all 
differences that might arise in the everyday working of 
shipyards, but also to make arrangements to ensure the 
fullest productive capacity being obtained from the 
labour already in shipyards and to facilitate the intro- 
duction of the additional labour that is imperatively 
necessary if the Government’s programme of merchant 
shipping production is to be realised. 

“As a result of two days’ discussion definite lines of 
co-operative action were agreed upon, and it was felt 
that a joint deputation from the employers’ federation 
and the trade unions should ask you to do them the 
honour of meeting them in order that they may submit 
definite constructive suggestions to you in this connection. 
They suggest that the deputation might wait upon you 
on Wednesday afternoon next, 21st inst. 

“The deputation will develop their proposals more 
fully when they meet you, but in the meantime we are 
desired to summarise them.” 

(Here followed summary of proposals.) 

. during the past year there has been 380 
much overlapping between Government Departments 
that our respective constituents are convinced that 
the time has come when some drastic reorganisation 15 


“ 





required.” 
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On November 22, 1917, a deputation of employers’ 
and workmen’s representatives was receiv y the 
Prime Minister (who was accompanied by the First Lord 
of the Admiralty. and other Ministers). The deputation 
impressed upon the Prime Minister the difficulties created 
in the industry by the multiplicity of Government 
authorities with whom they had to deal, and suggested :— 

1. That craftsmen and others experienced in shipyard 
work now serving with the Colours should be returned 
to shipyards. 

2. That the Ministry of National Service alone should 
be responsible for supply, distribution and utilisation of 
labour in shipyards and that a Joint Committee of 
employers’ and workmen’s representatives should be 
set up to guide that department upon—and work out 
the practical details of—schemes for making full use of 
Jabour and for placing additional labour in —— 

3. That the Ministry of Labour alone should be 
responsible for the administration of all other matters 
affecting labour, and that the Joint Committee of 
employers’ and workmen’s representatives should assist 
the Ministry of Labour by influencing the direct settle- 
ment between employers and workpeople of all disputes 
and differences arising between them, and generally 
advising the Ministry of Labour on matters connected 
with the policy or administration of labour questions. 

The Prime Minister promised to consider the pro- 
posals made by the deputation. In an official press 
notice appearing on November 26 he was reported as 
having addressed the deputation as follows :— 

“This is a uniqve deputation and may well mark a 
very important step forward in the industrial relations 
of the country. It is a deputation of leading employers 
and of workmen’s leaders to press on the Government 
certain considerations which involve joint action between 
employers and workmen. -That in itself is an event, 
and an event of very considerable significance. It is 
one of the most encouraging features in the prosecution 
of the war because without a good understanding between 
the employers and the workmen the prosecution of the 
war becomes very difficult. . . I cannot tell you 
how cheered I am by the fact that you have come here 
to say ‘we want to work together, we want to settle 
our disputes among ourselves, and we want the Govern - 
ment Departments to cease overlapping and to assist us 
to do the work.’ ” 

» On January 2, 1918, a formal reply was received from 
the Prime Minister in answer to the representations 
made to him on November 22. 

With regard to the proposal to have questions of 
supply, distribution and utilisation of labour placed in 
the hands of the Ministry of National Service, he explained 
that arrangements having been made for co-ordinating 
the work of the several departments, it was “‘ unnecessary 
to transfer to the Ministry of National Service the 
detailed administration of the labour which is engaged 
in the factories and undertakings controlled by, or 
working for, the Government Departments.” 

With regard to the proposal that the Ministry of 
Labour alone should deal with wages questions and 
labour disputes he explained that the War Cabinet 
had established a co-ordinating authority (the War 
Cabinet Labour Committee) to ensure “that wages 
questions and other disputes are dealt with in a com- 
prehensive and uniform manner.” 

The War Cabinct Labour Committee consisted of 
Mr. Barnes (chairman); Sir Auckland Geddes (vice- 
chairman); Sir George Askwith; Mr. I. Mitchell ; 
Ministry of Labour; Sir Lynden Macassey, -—_ 
Labour Department to the Admiralty ; Mr. U. Wolff, 
Labour Regulation Department to the Ministry of 
Munitions; Mr. Guy Calthrop, Board of Trade (Coal 
Controller’s Department); and in addition there was 
to be a Consultative Committee consisting of repre- 
sentatives of 14 departments. 

On January 10, 1918, the Shipbuilding Employers’ 
Federation and the Shipyard Trade Unions having 
considered the Prime Minister’s reply, sent him a further 
letter as follows :— , 

“Your communication of the Ist inst. was submitted 
to a further joint meeting of representatives of our 
respective organisations held to-day. 

“The arrangements for dealing with man-power and 
other labour questions set out in your letter were care- 
fully considered. It did not seem to the meeting that 
these arrangements were sufficient or satisfactory as a 
means of centralising departmental responsibility and 
authority ; nor do they provide appropriate Government 
machinery for making the best use of the co-operative 
efforts of employers and trade unions in connection with 
the utilisation ot existing labour in shipyards, the return 
of men released from the army, the absorption of new 
and inexperienced labour in shipyards and the settlement 
of labour questions generally. 

“The experience of the last two months confirmed 


the meeting in its view that the arrangements were | g 


unsuitable, and we are desired to express disappointment 
uud regret that it has not so far been found possible to 
adopt the proposals contained in our letter of Novem- 
her 14, and more fully developed by the deputation 
W hich you did us the honour to receive on November 22. 
+n view of the great importance of the subject it is 
trusted that you will reconsider the position, and in this 
hope the meeting decided to appoint a Joint Committee 
of Trade Unions’ and Employers’ Representatives 
who will be in a position to speak authoritatively for 
the shipbuilding industry on all questions in which their 
help and advice may be desired and can be advan- 
tageously enlisted.” 

On January 23, 1918, a further reply was received 
‘rom the Prime Minister reading as follows :— 

‘After receiving your further letter of January 10, 
@nnouncing the formation ot a Joint Committee of Trade 
Unions and Employers’ Representatives, I communicated 





with: the Minister of National Service, as 1 considered 





that this committee would be of great assistance to him 
in connection with the supply of labour for shipyards. 
I understand that he is anxious to meet the committee 
personally as early as possible, as he feels that they can 
render great assistance to him in the work of his depart- 
ment. I suggest that the chairman of the committee 
should arrange this with Sir Auckland Geddes. 

“With regard to the co-ordination of wages, the 

wers of the War Cabinet Labour Committee to which 

referred in my letter of January 1, have been transferred 
to the Ministry of Labour. , 

“The arrangements for the release from the Colours 
of skilled shipyard workers have been agreed between 
the Admiralty, the War Office and the Ministry of 
National Service, and I have no doubt that your Joint 
Committee will be able to assist materially in the carrying 
out of these arrangements.” 

The Employes’ Federation and the Shipyard Trade 
Unions considered that this further — was still far 
from satisfactory as a solution of the difficulties which 
they had pointed out to the Prime Minister. The 
co-ordinating authority (War Cabinet Labour Committee) 
which he had referred to in his first letter had, in fact, 
broken down, and was dissolved. Both employers’ and 
workmen’s representatives felt strongly that what was 
wanted was not co-ordination of the activities of a 
multiplicity of departments but rather the complete 
centralisation of authority and administration in the 
two departments named and on the lines indicated by 
the deputation to the Prime Minister ; but they did not 
feel that they could press the matter further in view of 
the Government’s attitude, and therefore they’ deter- 
mined to do their best to carry on under such arrange- 
ments as the Government had made. 

With this in view they wrote on February 12 to 
the Ministry of National Service, as follows :— 

“As you are aware, the Shipbuilding Employers’ 
Federation and the Shipyard Tr Unions have recently 
made representations to the Prime Minister with regard 
to centralisation of departmental responsibility and 
authority in labour questions. 

“We attach copy of letter recently received from the 
Prime Minister, through his Private Secretary, and are 
desired to explain that the Federation and the Shipyard 
Trade Unions have formed a Joint Committee, names 
undernoted, who will be available for consultation by 
the Minister of National Service on all matters upon 
which he may wish their help and advice. 

“We are, at the same time, desired to say the Joint 
Committee trust that when action is eutonamaeeh by 
the Minister on any general question connected with the 
industry he will be agreeable to consult them before 
action is taken.” 

On the same date a letter in similar terms was sent 
to the Minister of Labour, but since then the Joint 
Committee has not been invited to meet either depart- 
ment. 

In the meantime the Federation and the Trade Unions 
have resuscitated and speeded-up their pre-war machinery 
for treatment and settlement of labour disputes within 
the industry. 

It is impossible to believe that the First Lord could 
have had these negotiations in mind when he made his 
speech on the Navy Estimates. In the opinion of the 
employerg and the trade unions these negotiations reveal 
a realisation on their part of the seriousness of the 
situation, and not only a willingness to help but an 
anxiety to help. The spirit which they showed in 
November still animates both sides. They believe that 
many of those difficulties which have within the last 
few months disturbed output might have been avoided 
or more speedily solved had the organisat.on they 
originally suggested been adopted, and they urge that 
the Government should without further delay reconsider 
the position. They are, in any event, prepared to give 
to the Government their loyal support and active 
co-operation in any steps which will have the effect of 
securing to the nation the fullest possible output of 
ships. 





Coat Gas ror Motor Cars (1,000/. Prize).—A prize 
of 1,0001. is offered by the Automobile Association for 
the best invention enabling coal gas to be used with 
advantage as a propellent of motor cars and motor 
cycles. It is offered to encourage the production of a 
practical, convenient, and inexpensive method of utilising 
coal gas as a motor car fuel. Owing to war conditions 
and the scarcity of materials it is unlikely that the 
winning installation could be utilised while the war lasts, 
but it is felt that every endeavour should be made to 
have such a device ready for the time when it will be 

ssible to manufacture. The conditions are framed 
with the idea of enabling motorists to carry sufficient 
as in a small space—not exceeding 19 cub. ft.—to 
provide the equivalent of between two and three gallons 
of petrol, and so ensure the possibility of running cars 
distances of approximately 50 miles on one charge of 
gas. The weight of the installation must not exceed 
140 Ib., while the cost to the motorist must be limited to 
20/., or an annual hiring charge of 51. The expense of 
establishing and working the plant for charging the 
containers must be such as not to add to the cost of the 
gas fuel to the motorist more than threepence for such 
amount of gas as is equivalent in propelling power on a 
motor vehicle to one gallon of petrol. The conditions 
are so drafted that the winner of the — must place 
his invention at the disposal of the British motoring 
public on terms fair to himself and users. Intending 
competitors may obtain copies of the entry form and the 
conditiens upon application to the Secretary, Automobile | 
Association & Motor Union, Fanum House, Whitcomb- 
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NOTICES OF MEETINGS. 








Tue InstiruTiIon or. MecnanicaL ENGINEERS.— 
Friday, March 15, at 6 p.m, at the Institution of Civil 
Engineers, Great George Street, Westminster. Two 
papers on “‘ Employment of Women in Munition Fac- 
tories,” by Miss O. E. Monkhouse, M.B.E., of London, 
and Mr. Ben. H. Morgan, of London. 

Tue Junigr Instrrution or Enoineers.--Monday, 
March 18, at 7.30 p.m., at the Institution Offices. A 
paper will be read and discussed, on “‘The Mining and 

etallurgy of Gold,” on behalf of the Author, Mr. J. W. 
Wardell, Member, of Siberia. “ . 

Tue Instirution or Post Orrice Execrrtcar Enat- 
NEERS : LonDON CeNTRE.—Monday, March 18, at 4 p.m., 
at the -Royal Society of Arts. A —— will be read b 
Messrs. H. A. Miles and H. J. Mobbs, on *“The Wor 
of a Drawing Office.” : 

INSTITUTION OF PETROLEUM TsHCHNOLOGISTS.—Tues- 
day, March 19, at 8 p.m., at the House of the Royal 
Society of Arts, John-street, Aldelphi, W.C. 2° The 
following =e will be read :—‘“ The Russian Petroleum 
Industry and its Prospects,” by D. Ghambashidze. 

Tae Instirution or Crvit Enoriveers.—Tuesday , 
March 19, at 5.30p.m. Paper to be further discussed :-— 
“Modern Devel ents in Gasworks Construction and 
Practice,” by Alwyne Meade, Assoc.M.Inst.C.E. On 
conclusion of this discussion the following paper will 
be presented for discussion :—f* The Derwent Valley 
Waterworks,” by Edward Sandeman, M.Inst.C.E. 

Royat Mergoroiocican Socrmry. — Wednésday, 
March 20, at 5 p.m., at Caxton Hall, Westminster, when 
a lecture on «Phe Measurement of Atmospheric Pollu- 
tion” will ‘be delivered by J. 8. Owens, M.D., 
A.M. Inst.C.E. 

Tae Institution or Exxecrrican Exornerers: Brr- 
MINGHAM LocaL Section.—Wednesday, March 20, at 
7 p.m., at the University, Edmund Street. Mr. E. B. 
Wedmore, M.I.E.E., will read his per, entitled: ** The 
Control of Large Amounts of Power.’ 

Liverroot ENGINEERING Socrery.— Wednesday, 
March 20, at 8 p.m., at the Royal Institution, Colquitt- 
street, when a paper will be read by Mr. T. G. McKay, 
A.M.I.N.A., M.1.Mar.E., entitled “Electric Welding : 
its Progress and Application.” This paper is in sub- 
stitution of that arranged to be given on “ Development 
and Progress of Armour-clad Switchgear,” by Mr. H. W. 
Clothier, who is, unfortunately, not able to give his 
paper. 

‘HE Roya Society or Arts.—Wednesday afternoon, 
March 20. A paper on “The Food Situation in Ger- 
many ”’ will be read by Mr. Percy Shuttlewood, Ministry 
of Food. The chair will be taken at 4.30 p.m. 

INsTITUTION OF Navat AnrcHITECTS.—Wednesday, 
March 20, Thursday, March 21, and Friday, March 2%, 
in the Hall of the Royal Society of Arts, John-street, 
Adelphi :—Wednesday, March 20, at 11 a.m. :-1. Annual 
iy of Council. 2. Election of Officers and Council. 
3. Election of New Members, Associate’: Members, Asso- 
ciates and Students. 4. Appointment of Scrutineers for 
the next Annual Meeting. 5. Presentation of the 
Institution Gold Medal and Premium. 6. Address by 
the President (The Right Hon, the Ear) of Durham, 
K.G., G.C.V.O., P.C.). 1. “Standard Cargo Ships,” 
by Sir George Carter, K.B.E., Member of Council. 
2. “The Most Suitable Sizes and Speeds for General 
Cargo Steamers,” by Mr. John Anderson, Associate 
Member. Thursday, March 21, at 1l a.m.: 3. “ Problems 
of the Future in the Design and Construction of Merchant 
Ships,” by Mr. W. 8. Abell, M.Eng., Member of Council. 
4. “Research in Marine Engineering,” by Mr. A. E. 
Seaton, Member of Council. 5. “The Effect of the 
Longitudinal Motion of a Ship onits Statical Transverse 
Stability,” by Mr. G. 8. Baker, O.B.E., Member, and 
Miss E. M. Keary. At 3 p.m.: 6. “ The Iron Carbon 
Equilibrium Diagram and its Practical Usefulness,” by 
Professor H. C. H. Carpenter, M.A., Ph.D. 7. “ Stress 
Distribution in Bolts and Nuts,” by Mr. C. E. Stromeyer, 
Member of Council. Friday, March 22, at a.m. : 
8. “A Preliminary Survey of the Possibilities of Rein- 
forced Concrete as a Material for Ship Construction,” by 
Major M. Denny, Associate Member. 9. “‘ Reinforced 
Concrete Vessels,” by Mr. Walter Pollock, Member. 
10. ‘Design and Construction of a Self-propelled 
Reinforced Concrete Sea-going Cargo Steamer building 
in-Great Britain,” by Mr. T..G. Owéid ThufstosyMérfibér. 
11. ‘An Investigation of the Shearing Force and Bend/ 
ing Moment acting on the Structure of a Ship, including 
Dynamic Effects,’ by Mr. A. M. Robb, B.Sc., Associate 
Member. At 3 p.m.: 12. “Air Supply to Boiler 
Rooms,” by Mr. R. W. Allen, C.B.E., Member. 

Tue Concrete InstirvuTe.—Thursday, March 21, 
at 5.30 p.m., at Denison House (close to Victoria 
Station), when a paper will be read by Mr. H. L. Barra- 
clough, on ‘“‘Some Practical Points in the Design and 
Construction of Partitions.” There will be lantern 
illustrations and a general discussion. 

Tae InstrruTion oF Etecrrical ENGINEERS.— 
Thursday, March 21, at 6 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
8.W. (Light refreshments at 5.30p.m.) “* The Mechani- 
cal Design and Specification of the Turbo-alternator 
Rotor.” By Dr. 8, F. Barclay, Assoc. Member. 





Street Licutmno Sprectrications.—The standard 
clauses for street lighting specifications recommended 
in the Majority Report of the Street Lighting Spocifica- 
tion Committee (see Journal of Electrica! Engineers, 
1917, vol. lv, page 522) have been published in pamphlet 
form. Copies can be obtained from the Secretary of the» 
Institution, price 3d. each, or 4d. post free. * walt 





street, London, W.C.2. 
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Tae tats Mr. Cranrxes James Mironett Hewrrr.— 
We regret to have to recorc the death, which occurred 
on February 25, following upon an accident, of Mr. 
Charles James Mitchell Hewitt, managing director of the 
Saver Clutch Company, Altrincham, Cheshire. Mr. 
Hewitt was born in Glasgow in 1855. He received his 
training at Messrs. George and James Thomson’s Clyde- 
bank engineering and shipbuilding yard. He was then 
with Messrs. Mather and Platt, from 1889 to 1899, 
during the last three years of which time he occupied the 
position of works manager. He carried out, on their 
sehalf, the electrification of the City and South London 
Railway, and of the Douglas an«\ xey (Isle of Man) 
tramway. On leaving Messrs, Mather and Platt, in) 
1899, Mr. Hewitt established a consulting engineering | 
practice, and was concerned in the construction of various | 
electric tramways and in the electrification of cotton | 
mills, in which work he was one of the pioneers. In| 
connection with this work, he was for some time in 
Spain, Russia and Sweden. He was the joint inventor 
of the Hewitt and Rhodes slipper brake for tram-cars, 
and carried out improvements in high suction and low- | 
suction pumps. The Hewitt motor engine and various | 
improvements in internal-combustion engines are due | 
to him, as also are the improved friction and variable | 
gear for motor road vehicles, improvements in the steering 
gear of automobiles and in friction clutches and the | 
combined friction clutch and variable speed gear. 
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founded by the Jate Mr. Fred. T. Jane, and holds a 
unique position amongst naval annuals, particularly 
for its general arrangement and for the extent to which 
illustrations of ships are published, silhouettes being 
given which are of great service in the recognition of ships 
at sea. The acting editor, Mr. Maurice Prendergast, 
| has, however, suffered under severe restrictions, as the 
belligerent Powers, for obvious reasons, did not care to 
VOLATILISATION OF ag ny gy 50 Per o—_ | let anyone know ag oy class or design - — 
FERROSILICON.—We read in ron Age, New York,| newer ships. So far as the Allies are concerned ‘“ The 
that there is a considerable volatilisation of phosphorus | Defence af the Realm Act” in this country prevents 
from 50 per cent. ferrosilicon under certain conditions. | anything being said about the ships Jaid down after the 
In the course of experiments to evolve the rapid method | outbreak of war. So far as enemy nations are concerned, 
for the commercial analysis of this alloy by Mr. R. E.| the particulars are simply not available, and thus it comes 
Lowe, of the Fitzgerald Laboratories Inc., Niagara | that the work is shorn of its salient features, all sil- 
Falls, N.Y., the new method gave excellent checks in ye hoyettes of aeegeng ne being a —_ 
but the phosphorus determinations ; reentages of | has been done to bring the work up to date within the 
—— were obtained that were cqguoninataler half | limitations — is = by 4 fact that 300 ee 
those obtained in previous analyses made by the Pitts-| have been made, in the form of new or improved sil- 
burgh Testing ipdactecies. ‘in javeetigntion made in| houettes, photographs, plans and other illustrations, 
the Pittsburgh Laboratories showed that their analyses | while the textual infor:nation has been carefully revised 
had been made in February, 1908, almost ten years | and extended wherever possible. Some information has 
previously. Recent analyses made at Pittsburgh gave | been added, too, regarding German ships, but nothing 
mee jy Ag nen — oa ag pe with | seopootes _ Ears —— . ony ey A Ao a 
those of the rapid method. m this Mr. we con-| regarding the Japanese Navy have n revis y the 
cludes that the volatilisation of phosphorus from ferro-| Minister of Marine and the Japanese Naval Attaché 
silicon is considerable, even when the alloy is kept in| here has been helpful. In the case of the Russian ships 
a dry place in screw-topped glass jars. | evidence of tho revolution has been found in the change 
| of names of the ships, while the particulars regarding 

“Jane’s Ficutinc Suips, 1917.’—War exigency | the second-class Powers who are at present neutrals have 
has delayed the publication of this work, which is now | all been revised from information supplied from official 
issued by Messrs. Sampson, Low, Marston & Co., Ltd., | sources. Again, no special articles appear in the volume, 
and the same reason—particularly the cost of paper—| due to limitations and to pressure of work hy the eon- 
has necessitated an increase in price from 21s. to 25s. net. | tributors, but, withal, the acting editor and the publishers 
The publication, which has very justifiably the sub-title | are to be congratulated on this, the twentieth, edition of 
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| of “An Encyclopedia of the Navies of the World,” was | this serviceable volume. 
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Gitascow: William Love. 
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THE SHIPBUILDING SITUATION. 

THE joint statement by the Shipbuilding 
Employers Federation and Shipyard Trade Unions, 
published in full on page 282 of this issue, is com- 
pletely justified in view of the animadversions of the 
First Lord of the Admiralty in his statement in the 
House of Commons on the 5th inst. With certain 
phases of the subject we dealt last week, and only 
casually referred to Government interference, 
regarding which we propose now to write. The 
serious state of affairs which has arisen is due to 
human as well as technical factors. In both 
respects the Government Departments have seri- 
ously erred, and the sooner this is recognised and 
amendment made, the earlier will it be possible 
to utilise to the highest advantage the full capacity 
of our undoubted immense shipbuilding resources. 
The human element overlaps the technical phase. 
Those responsible for the conception of the standard 
ship failed to realise that large measure of fealty 
which actuates the workers in old establishments and 
in various districts. In many cases successive 
generations have worked and are working for the 
same firm, and they have definite pleasure not only 
in the efficiency of the establishment but in the 
success of such work turned out as bears with it the 
individuality of the yard. Many firms built a 
standard type of cargo ship in which the workers 
take a pride which cannot be extended to a ship of 
uncertain origin. The same applies to machinery. 
The standard ship was therefore not welcome 
from the psychological standpoint any more than 
it was upon the score of organisation and mechani- 
cal equipment. The most tangible reason for 
standardisation was to enable firms who hitherto 
had not built cargo-carriers to take up the work ; 
but this did not apply to the builders of cargo 
steamers. It was also supported on the plea that 
it would reduce the number of sections which had 
to be rolled at the steel mills: but it is open to 
question whether, even when the demands for 
shells so largely monopolised the work of the mills, 
the time saved in changing rolls for various sections 
was not more than counterbalanced by the delay 
involved in the shipyard due to the extensive 
changes necessary to tackle new designs. 

Sir George J. Carter, who was Chairman of the 
Advisory Committee of the Shipbuilding Controller 
and did splendid service in carrying out the policy 
dictated by the Government, is to read a paper on 
the subject of standard ships at the opening meeting 
of the annual session of the Institution of Naval 
Architects next week ; and it is to be hoped that 


agg | the whole question of the technical policy of the 


Government as regards cargo-shipbuilding will be 
thoroughly discussed with that intimate knowledge 
which the members of the Institution can bring to 
bear upon it. Even if the inception of the standard 
ship was justified, there is room for definite criticism 
of the procedure, if not also of the organisation, of the 





Admiralty Department having charge of merchant 
shipbuilding. We are not concerned with the 
Department responsible for the construction of 
warships ; there has been no criticism of this 
work. The only question is as to whether there is 
an accura‘e division between the naval and cargo- 
carrying needs of the fleet, and, obviously, this is a 
subject that cannot be discussed owing to the 
absence of definite information—which it is impo- 
litic to disclose. All are willing to accept the 
assurance of the Admiralty on this subject. There 
can be no disguising the fact, however, that as 
regards cargo-shipbuilding there is a great and 
increasing volume of discontent, and it will be well 
if, in next week’s discussion, expression be given to 
this criticism and a defence made for the Depart- 
ment. The platform of the Institution is a much 
more appropriate arena than Parliament, because 
the members of the Institution can consider the 
question with full knowledge. Shipbuilders have 
a duty as citizens to the na‘ion in the present crisis, 
and the public have a right to have a clear lead, 
founded on their practical knowledge, towards the 
settlement of the question as to what extent delay 
in shipbuilding is due to the alleged ineptitude and 
vacillation of the Department of merchant ship- 
building and what changes, if any, are necessary 
either in organisation or precedure. 

To begin with, the policy of the national shipyard 
has so far proved a false step, as we all along con- 
tended would be the case. The special labour 
which was promised is not forthcoming, and any 
layman would have understood that trade unionists 
would not provide the nucleus necessary for this 
special labour to be utilised. The Government 
promised to withdraw from the fighting forces 
a large number of former shipyard workers, to aug- 
ment the man power in the private yards. Are these 
returned soldiers being utilised for the national yards, 
which are not yet ready for shipbuilding, to the 
detriment of the work in private factories ? Again, 
there is the repeated assertion that work is delayed 
in private yards because of the alterations in plans 
and of delay in forwarding the plans. Are the 
reasons for alteration and delay in all cases insur- 
mountable ? Again, it is contended that, while a 
large volume of steel tonnage is delivered at each 
yard, there is not always sufficient care exercised 
as to whether the material is delivered as and when 
required. It is no use sending ordinary shell plates 
if the garboard strake plates are not available. 
Shear strake plates are in the way when delivered 
before the bilge plates. Similarly, in a_ boiler 
factory little can be done if shell plates, furnaces and 
tubes are delivered without the end plates. * These 
are some of the troubles which, it is alleged, prevent 
full capacity of shipbuilding yards from being 
operative, and which affect the ardour of workers, 
because their enforced idleness, even for a few 
hours, prevents the men from realising the grave 
need for maximum effort in cargo-shipbuilding. 

In the House of Commons on Monday, admission 
was made by the Admiralty that the Department 
was not perfect. This is a mild admission, but.it is 
as far as any Government Department cares to go. 
We demur, however, to Dr. Macnamara’s further 
remark that it would be a mistake to upset the 
existing organisation. What is wanted is domination 
of the department by the commercial spirit. The 
head need not even be a trained shipbuilder, but 
he must have a knowledge of shipbuilding affairs, 
have had experience in leading men of all classes and 
be able to weigh discriminately conflicting opinions, 
arguments and proposals. He must also have the 
guidance of a shipbuilder of high technical and 
practical experience. In the Department there 
are now men of high attainment—too many ; 
most of them would do better service in their own 
establishments. The need is not so much design 
as the co-ordinating of effort, the supply of men and 
material as and when required, and the stimulation 
of effort in every conceivable way. The idea is 
rather centralisation of conception of ideas and 
decentralisation in execution. To ensure this 
latter, it would be well if, in each district, a ship- 
builder and trade unionist of note were selected to 
deal with the allocation of shipbuilding supplies 
to the respective firms. Whe‘her or not they should 
have an advisory council in each district is a matter 
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of detail, but the important need is that the ship- 
yards should have the exact material that is 
required from day to day. 

The human element is largely concerned with the 
control of labour, and the general statement by the 
Shipbuilding Employers Federation and the Ship- 
yard Trade Unions is an illuminating document in 
connection with this matter. From the very outset 
of the organisation of the Ministry of Munitions we 
have repeatedly condemned the composition of the 
Labour Advisory Committee, because it was com- 
posed exclusively of trade union representatives, 
without a single representative of the employers. 
From this one serious blunder there has arisen many 
of the difficulties in connection with labour. We do 
not blame the trade unionists for this error. They 
naturally seek to advance the interests of those 
they represent. But it is a remarkable commentary 
that in all industry they seek for co-operation 
between employer and trade unionist, from the 
appointment of ship stewards and their negotiation 
in separate departments of works to the prepara- 
tion of the joint statement. In that statement we 
have employers and workers agreeing to co-operative 
action to utilise the shipbuilding resources of the 
country at their maximum efficiency and pleading 
with the Prime Minister to agree with what is 
undoubtedly a sane and desirable solution. Mr. 
Lloyd George rejoiced at the amity shown, and_yet 
has failed to take advantage of it. What is the 
position of the Government to-day with regard 
to the labour problem? There is multiplicity of 
authorities, confusion in decisions, lack of experi- 
ence, and consequent unrest alike on the part of 
employer and employed. We have the Shipyard 
Labour Department at the Admiralty, the Labour 
Department of the Ministry of Munitions, the 
National Service Department— interfering with war 
labour matters—and the War Cabinet Labour 
Department ; finally, the Ministry of Labour, which 
seems to have least to do with wage problems. In 
many establishments two or more of these have 
“ butted ” in and even give contradictory decisions. 
The 12} per cent. bonus, in its original conception, 
was simple justice. It was to be given to the tool 
and jig makers and setters in munition factories 
where unskilled labour was employed and where 
the skilled mechanic was earning as time rate a 
less wage than the unskilled, whose remuneration 
was greatly influenced by the deftness and accuracy 
of the skilled mechanic. But by a remarkable 
blunder, which has never yet been satisfactorily 
explained, the 124 per cent. bonus award was 
initially made applicable to an immense number of 
workers of different classes, and the snowball thus 
started soon became an avalanche, a general unrest, 
which has not yet been allayed even by the almost 
universal application of the bonus. The time has 
come for the abolition of the multiplicity of depart- 
ments. 

The existing Ministry of Labour is largely con- 
cerned with the problems which will arise after the 
war. It is necessary, in order to have co-ordination, 
that war labour problems must be concentrated 
in one department, if there is to be an end of the 
existing confusion. In this department there should 
be a supreme head with only the War Cabinet over 
him. Under him there should be three assistants 
or deputies representing respectively employers, 
trade unions and the nation, as consumers, the 
third, of course, being a civilian, but with com- 
mercial experience, impartia! and capable of under- 
standing the differences which must necessarily 
arise between the deputies representing the em- 
ployer and employed. These three deputies might 
very properly have advisory councils, which could 
meet separately or together. ‘“hus the employers’ 
deputy would have his employers’ council, the trade 
union deputy his trade union council (composed of 
male workers), and the civilian deputy might have 
his advisory committee representative of, although 
not necessarily composed of, female workers. In 
this way the three great parties interested in 
industry would have a definite course through 
which to bring their case before the chief depart- 
ment, and at the same time there could be collec- 
tive consideration by all interests. The function 
of such a war labour department would, of course, 
be concerned not alone with wage problems, but 





with the supply of labour to the different industries. 
Obviously the labour or man-power needed would 
have to be found by the Minister of National Service ; 
but as this war labour organisation would be con- 
cerned with the utilisation of man-power for all 
war industries, there need be no conflict, except 
where men had to be withheld from the army or 
withdrawn from the fighting forces, the question 
then would be between the National Service Depart- 
ment, the Admiralty, and the War Office. The 
National Service Department would, of course, 
continue to be responsible for non-essential indus- 
tries, the workers available for which could be 
allocated when the demands of the war labour 
department permitted. The existing Minister of 
Labour would continue his present function in 
connection with peace preparations and control the 
employment bureaus, but he might be a final arbiter 
in connection with disputes which were referred to 
him by the War Labour Department. In all such 
affairs, where several departments are concerned, 
there is need for complete understanding, but 
liaison officers would necessarily be introduced, and 
would effect the desired unity. 

The scheme we have broadly sketched does not 
differ materially from the proposal of the Ship- 
building Federation ; it secures absolute co-ordina- 
tion under a chief for all war work. The Ship- 
building Federation contend that the Ministry of 
National Service should alone be responsible for the 
supply, distribution and utilisation of labour in 
shipyards, and that a committee of employers’ and 
workmen’s representatives should be set up to guide 
that department ; and, further, that the Ministry 
of Labour should be responsible for the administra- 
tion of all other matters affecting labour. The 
proposal we have set forth brings, so far as war 
work is concerned, the present National Service 
and Labour Departments into line with a combined 
organisation which, of course, would be dominated 
only by the War Cabinet. It may be objected 
that there is thus created one more Government 
Department, but as it dispenses with three existing 
labour departments all acting more or less inde- 
pendently, there would be saving in staff as well as 
concentration of all problems affecting the distribu- 
tion and utilisation of man-power, a wiser discrim- 
ination as to the effect which wage and kindred 
concessions made to one class of workers would 
have upon other classes. 





PROBLEMS IN ATOMIC STRUCTURE. 

At the Royal Institution, on Saturday afternoon 
last, Sir J. J. Thomson, O.M., P.R.S., delivered 
the fourth lecture of his course on the above subject. 

In beginning his discourse, -the speaker said 
that in his previous lectures he had put forward 
certain views according to which the atom was 
built up of a number of electrons distributed round 
a central charge of positive electricity, and certain 
conclusions had been reached as to the arrangement 
of these electrons in atoms of various kinds. Before 
proceeding further it was desirable to try and find 
some check by which the accuracy of these deduc- 
tions could be tested, particularly as the subject 
was difficult in itself and the evidence available was 
indirect. In all such cases it was important that 
the consequences of a theory should be continuously 
subjected to any test that came to hand in order 
to see how far they were in agreement with experi- 
mental results, and further advances should not 
be attempted till this-had been done. 

He would, he said, begin with a simple test, which 
the theory ought to satisfy if well based. Since 
the theory in question was one concerning the 
structure of the atom, and not of the molecule, it 
was reasonable to take as the subject of the proposed 
test an element such as helium, in which the atoms 
were also the molecules ; and to which, therefore, 
the theory should be directly applicable. This 
theory, when so applied, led to certain numerical 
conclusions which could be compared with the 
actual experimental figures. The proposed test 
was accordingly a stringent one. 

If the atom were built up in the way suggested 
in his previous lectures, that of helium would be 
an arrangement consisting of two positive charges 
concentrated at the centre of the atom, and two 





electrons symmetrically arranged on opposite sides 
of this nucleus, as indicated within the dotted circle, 
Fig. 1. Assuming that the law of force between 
an electron and a positive charge was represented 
by the expression given in his last lecture, viz. : 
ae, © “a) 
nm 
then the position in which the electrons were in 
equilibrium could be calculated. If this distance 
were represented by d, then taking also into account 
the action of the electrons on each other, the value 
of d was given by the equation 
ey oh. 
¢ 4°? 

This, then, represented the distance of the 
electrons in Fig. 1 from the centre ofthe helium atom. 
Suppose now a large positive charge were brought 
nto the position indicated by A. The eficct of 
this would be to drag down the electrons towards A 
and to push back the positive nucleus. When no 
external charge acted on the helium atom the centre 
of gravity of the two electrons coincided with that 
of the positive charges, but when the arrangement 
was disturbed by an external charge at A this was 
no longer the case. The balance was disturbed and 
the atom became an electric analogue of a magnet, 
and exerted forces which would be manifested as an 
electrical property of helium, viz., its specific 
.nductive capacity. If we knew the amount by 
which the centres of gravity of the electrons was 
displaced with reference to the positive charge, we 
could calculate the value of the specific inductive 
capacity of the gas. He had, Sir Joseph continued, 
made this calculation, taking into account the 
fact that the relative displacement of the centres 
of gravity of the positive and negative charges 
would be different if the external positive charge 
was situated at B instead of at A. If k denoted the 
specific inductive capacity, then his result was that : 

k—1=N@(84+8+%)47. . @ 

Here N denoted the number of molecules in a cubic 
centimetre of a gas at standard temperature and 
pressure, whilst d had the value given by equation 
(2) supra, and might be defined as the radius of the 
helium atom. Since N was known and the specific 
inductive capacity could be measured, the value 
of d could be obtained from (3). It came out as 
} x 10cm. 

Having thus found d, it was possible to calculate 
the expenditure of energy required to ionise a helium 
atom by removing from it an electron. The 
expenditure of energy necessary for this depended 
on the central charge, and on the distance d, and on 
making the calculation it appeared that the ionising 
potential of helium should be 24 volts. Actual 
experiment gave a value of a little over 20 volts, 
which, considering the uncertainties involved, might 
be considered as sufficiently in accord with the 
calculated value as to be confirmatory of the theory 
on which the computation was based. 

Astep further could now be made. The hydrogen 
atom was held to consist of one electron and one 
central positive charge acting on each other by the 
law of force given in equation (1). If we knew 
the value of h in this equation we could calculate 
for the hydrogen atom, the distance d of the electron 
from the centre of the atom. As had just been 
shown, d could be determined for the helium atom, 
and knowing this, h could be found from equation 
(2). Assuming h to be the same for hydrogen as 
for helium, we could now find d for hydrogen and 
could consequently calculate the energy required 
to remove an electron from the hydrogen atom. 
Sir Joseph said he had made this calculation, which 
gave 11 volts as the ionising potential of hydrogen, 
which was in very close agreement with the actual 
experimental value. 

So far, therefore, the theory he had put forward 
had successfully withstood comparison with experi- 
ment. 

Another test was also possible. So far he had 
dealt with atoms, but in general the molecules of 
a gas comprised two or more atoms, and it was 
desirable to form some idea as to the constitution of 
these molecules. The simplest case was that of the 
hydrogen molecule which, if the views he had 
advanced were well based, must have some such 
constitution as was represented in Fig. 2. The two 
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positive charges were situated at opposite corners 
of a rhombus and the electrons at the other two 
corners. These electrons served as a cement 
or mortar to hold the molecule together against 
the mutual repulsion of the positive charges. If 
the angles between the sides were right the figure 
would be one of equilibrium. 

A new question now arose. Hitherto we had 
had to consider only the law of force between a 
positive charge and an electron, and had assumed 
that it was more complex than the ordinary law of 
the inverse square, comprising, in fact, a term 
representing a repulsion varying with the inverse 
cube of the distance. On the other hand it had 
been assumed that the law by which electrons 
repelled each other was the ordinary inverse square 
law. In dealing with the configuration of the 
hydrogen molecule, we had to consider the law of 
force by which the positive charges repelled each 
other. Was this the ordinary inverse square law, 
or was the repulsion on a positive charge numerically 
equal to the attraction which would be experienced 
by an electron similarly situated? The angles 
between the sides of the parallelogram (Fig. 2) would 
differ in the two cases. If the repulsion of one 
positive charge on another varied as the inverse 
square of the distance, calculation showed that the 
figure of equilibrium was a square, but it also turned 
out that this equilibrium was an unstable one, 
equivalent to that of a needle standing on its point. 
In such case the needle was in equilibrium, as all 
the forces acting on it were in perfect balance, 
but an equilibrium of this kind was not of the 

‘ type for which the engineer or the physicist had the 
slightest concern. Hence, if the law of repulsion 
between positive charges was the ordinary one, the 
hydrogen molecule could not exist, as the two 
atoms would fly apart. 

Taking next the second hypothesis, that the 
repulsion of one positive charge for another was the 
same as that which each would exert on an electron 
similarly situated, the law of repulsion would be : 

eel he 

io | « « (4) 
From this it appeared that if r were small enough 
the repulsion between two positive charges was 
replaced by an attraction. This removed a difficulty 
which might have been felt in the supposition that 
the nucleus of an atom was built up of a number of 
positive. units of electricity, there being one such 
unit in the hydrogen atom, two in helium, and so on. 
If these positive units repelled each other to the 
bitter end, how was it they stuck together and did 
not fly apart under the tremendous forces at work ? 
This difficulty was removed if the law of repulsion 
was represented by (+), since if the distance between 
the charges was less than a certain amount, the 
positive charges would form a coherent nucleus, 
and a formidable objection to the existence of this 
central charge was removed. 

If the law governing the repulsion of the positive 
charges was given by (4), the figure of equilibrium 
was represented by Fig. 2, the two triangles into 
which the figure was divided by the horizontal line 
being equilateral, and further calculation showed 
that in this case the equilibrium was stable. 

Having given the configuration of the charges in 
the hydrogen molecule, it was possible to compute 
the specific inductive capacity of the gas, and this 
calculation gave a value which did not differ by 
5 per cent. from the actual experimental figures. 
This calculation was based on the assumption that 
the h in equations (1) and (4) was the same for 
hydrogen as for helium, and was, in fact, primarily 
made to test this hypothesis. 

Further tests of the theory could be made by 
studying the kind of light the atom of a gas gave 
out when it became luminous. There were certain 
peculiar features about the luminosity of a gas 
when producing its ordinary spectrum and not 
merely scattering light derived from some outside 
source. The most obvious suggestion as to the origin 
of the light was that the electrons in the atom 
wriggled about under the shocks received from out- 
side. As they wriggled they gave out electric 
waves. Were this the case, however, there was no 
reason why the luminosity should not increase 
gradually and uniformly as the intensity of the 
shocks disturbing the electrons was continuously 
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increased. Actually, however, a gas became 
luminous quite suddenly. For example, if an 
electric discharge were passed through mercury 
vapour, beginning with slow cathode rays, no trace 
of the mercury lines was at first to be seen in the 
spectroscope. Ifthe speed of the rays was gradually 
increased, however, a critical value was reached 
at which the mercury lines suddenly shone up quite 
brightly, no trace of them being apparent up to this 
stage. 

Many views had been urged as to what was really 
necessary for a gas to become luminous. Some 
maintained that an essential factor was the ex- 
pulsion of electrons from the atom,.and the return 
of these electrons was supposed to be responsible 
for the emission of the light. If this were true, 
the existence of free electrons would always be 
a concomitant of the emission of light, and the 
luminous gas would be accordingly a conductor of 
electricity. In general it was the case that gases 
had the power of conducting electricity when they 
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were giving out light. To illustrate this the lecturer 
made use of a very small flame of ethyl chloride. 
This flame was, he said, so cold that the finger 
could be passed through it, yet when placed between 
two plates, one of which was connected to earth, 
and the other to an electroscope, the latter was 
rapidly discharged. 

There was, he said, no doubt but that the removal 
of electrons from a gas was a very powerful means 
of giving use to radiation, but it was nevertheless 
not true that in all cases there must be a liberation 
of electrons for the production of luminosity. 
Ionisation was, in short, not invariably produced 
when a gas was radiating out its characteristic 
light. 

Cases of fluorescence constituted one exception 
to the rule. Thus, if a beam of light were passed 
through a bulb containing iodine vapour at a very 
low pressure, this vapour gave out light of a distinct 
and definite colour; yet experiment showed that 
there was no trace of ionisation. With other 
vapours under similar conditions ionisation could 
be detected, but the case of iodine proved very 
definitely that this ionisation’ was not absolutely 
essential to luminosity. 

He proposed, therefore, to consider how there 
might be the possibility of big disturbances of the 
electrons in an atom, without the production of 
ionisation. In his last lecture he had assumed for 
reasons of brevity and clearness of exposition, 
that an atom contained, in addition to positive 
and negative charges, certain hypothetical units of 
repulsion or Q? particles. Suppose that from an 
atom in a state of equilibrium one of these Q? 
particles was expelled by some process. As a result, 
an electron would not be repelled as much as 
before, and would take up a new position of equi- 
librium. In moving from its original position to 
its new one a finite and definite amount of energy 
would be liberated. If this energy appeared as 


radiation, this radiation would be produced with- 
out the liberation of an electron from the atom, 
and there would consequently be no ionisation. 

If the law of force were represented by equation 
(1) ante, then the energy liberated when an elec- 
tron moved from a position where h had the value 
h, to a position in which h was equal to h., was 


A et (F: pou na) 
hy? he? 
where A was a constant which he would not define 
further for the present. 

Suppose that the expulsion of one Q particle 
caused a unit change in the value of A and, further, 
that h, corresponded to the presence of a number 
p of these units of repulsion, and h, to the presence 
of g such particles. Then in changing from p to q 
the energy liberated would be 


se(e-3) - 


where p and q were both integers. 

This energy was accordingly represented by the 
difference of the inverse squares of certain integers. 

Planck had enunciated a law that when radiation 
was produced from an atom the frequency bore a 
constant ratio to the energy change, 

Hence, if the energy change obeyed Planck’s law 
the frequency should be expressed by a formula, 
corresponding to (5), which was equivalent to 
Balmer’s law, and gave a simple explanation of it. 
It would be seen that with quite a small number of 
Q particles all kinds of spectral lines might be 
produced. If the electron were far out there would 
be a small change of energy, as it moved from one 
position of equilibrium to another, but if it were near 
the nucleus the energy change would be large and 
the frequency (by Planck’s law) of the light emitted 
would be very high. All kinds of lines could thus 
be produced. The number of possible changes 
of energy being proportional to the square of the 
number of the hypothetical Q particles. 

One notable peculiarity of spectra was the extra- 
ordinary variations produced in them by changes 
in the physical conditions of the experiment. This 
the speaker illustrated by passing the discharge of 
an induction coil through a vacuum tube filled with 
argon. When the induction coil was coupled up 
directly with the tube the light emitted was pink 
in colour, but on including two leyden jars in the 
circuit, the light changed to a brilliant blue. When 
the gas in the tube was nitrogen, Sir Joseph pointed 
out that the colour of the light emitted was different 
in different parts of the tube. In another experi- 
ment a bulb filled with mercury vapour was wound 
with a coil of wire, through which was passed the 
oscillatory discharge from a set of leyden jars. 
The colour of the light emitted by the mercury 
vapour under this stimulus varied with its distance 
from the centre of the bulb. Near the exterior it 
was pinkish, whilst further in it had a green hue. 
When photographs were taken of the spectra of 
different gases submitted to an electrodeless dis- 
charge of this kind, the difference in the character 
of the light from the inner and from the outer layers 
was, the speaker said, very marked. Some lines 
appeared in both spectra, whilst others showed up 
in one only. 

Recurring again to the mechanism of radiation, 
the lecturer said that if an electron were entirely 
ejected from an atom, radiation would be produced 
on its return, and in that case luminosity was 
accompanied by ionisation. We might alro have, 
however, a falling in of electrons already inside the 
atom owing to the displacement of a Q particle. 
In this case the gas would not become a conductor. 

It was of interest, he went on, to consider in a 
grossly mechanical way how we might picture the 
process. 

Let C, Fig. 3, represent the positive nucleus of 
the atom, and Dan electron. Between them would 
extend a tube of force represented by the dotted line. 
Suppose now that the electron at D fell down into a 
new position E, dragging behind it the tube of force 
as represented in Fig. 4. On reaching E this tube 
of force would join up with C E, leaving a complete 
loop as represented in Fig. 5. This loop would then 
rush off through space as a unit of radiation, carrying 
with it an amount of energy proportional to the 


(5) 





fall from D to E. We could imagine in this way 











288 





ENGINEERING, _ 


[Marcu 15, 1918. 








that a radiating atom shot off these systems of loops | 


or closed tubes of force, each carrying with it a 
definite amount of energy. How these emissions 
gave rise to definite frequencies was another matter, 
which he proposed to discuss in his next lecture. 





THE INSTITUTE OF METALS. 

THE tenth annual general meeting of the Institute 
of Metals was opened on Wednesday evening last, 
at the Hall of the Chemical Society, Burlington 
House, W., the President, Sir G. T. Beilby, F.R.S., 
occupying the chair at the commencement of the 
proceedings. 

REPORT OF THE COUNCIL. 

The report of the council stated that the stimu- 
lating influence of war conditions upon the activities 
of the Institute had continued to make itself felt 
during the past year. It had told alike on the work 
of the council and its committees, and on that of 
individual members. It was gratifying to know that 
these activities had, in the main, been of immediate 
value to the nation in its time of stress. In this 
connection, the council had thought it right to place 
the resources of the Institute freely at the disposal 
of the chief officials concerned with non-ferrous 
metals at the Ministry of Munitions. The more 
general employment of scientific metallurgists in 
works engaged directly or indirectly in the produc- 
tion of munitions of war had aroused the interest of 
technical and scientific experts and of manufacturers 
in the work of the Institute, and this had led toa 
large increase in the applications for membership. 

On December 31, 1917, the Institute had four 
honorary members, 860 ordinary members, and 
24 student members, a total of 888, as compared 
with 660 on December 31, 1916. 

The council had the pleasure of recording that the 
example set in 1916, by a lady applying for, and 
being elected to membership of the Institute, had 
been followed during the past year by six other 
ladies. 

Of the members of the Institute, there were known 
to be 72 on active service. 


CHANGE OF OFFICES. 


The present suite of offices, at 36, Victoria-street, 
S.W., though commodious enough a year ago, was 
none too large at present, and if the membership 
continued to increase at the rate it did in 1917, a 
further move might be necessary. It was hoped, 
however, that by the time a further move had to be 
made, it would be possible to carry into effect the 
scheme now under discussion, for setting up a joint 
building in conjunction with the Iron and Steel 
Institute, the Institution of Mining and Metallurgy, 
and the Institution of Mining Engineers. 


CorROsION RESEARCH COMMITTEE. 


Research was still being conducted with the aid 
of funds contributed by the Department of Scientific 
and Industrial Research, associations, firms, and by 
the Institute. The Government grant-in-aid had 
been increased during the year from 6501. to 1,0001. 
per annum, the latter rate applying as from 
October 1, 1917. A further Government grant-in-aid 
of 4501. had been received, together with a grant of 
similar amount from the British Electrical and 
Allied Manufacturers’ Association. The aggregate 
sum of 900/. had been placed at the disposal of the 
Institute, in order to carry out an investigation 
into the cause, or causes, of the <orrosion of con- 
denser tubes on land by fresh water ; the research 
was being carried out on lines parallel to those 
adopted in the case of the existing salt-water 
research. For the purpose of conducting this latest 
investigation, a Fresh-Water Corrosion Research 
Committee was appointed as a sub-committee of 
the Corrosion Research Committee. 


Tue BrrauiyeHaM Loca SEction. 
The membership of this section was 82, there 


being 56 members and 26 associates. One meeting 
was held during the year. 


PROCEEDINGS OF THE INSTITUTE. 

The papers and abstracts published showed an 
increase. Further, during the past financial year 
562 copies of the Journal were sold, bringing in a 
revenue of over 415/., as compared with 320J. in 
the previous year. 








Honours AND APPOINTMENTS. 

The report contained a list of the members of the 
Institute who had had honours conferred upon 
them. 

FINANCE. 


The report of the hon. treasurer, Mr. A. E. Seaton, 
M.Inst.C.E., showed an excess of receipts . over 
expenditure of 698/., as compared with an average 
excess in the four preceding years of 1561. This 
very satisfactory increase was due partly to the 
larger membership, but the interest on the invest- 
ments made from the balances of earlier years, and 
the large sales of the Journal, had materially helped 
to improve the position. 

Sir G. T. Beilby, referring to the above report, 
which was read in abstract by the Secretary, said 
that it formed a record of admirable activity. One 
outstanding feature was the rapid development of 
the wide co-operation between the Institute and 
Government Departments. Although theirs was 
the youngest Institute, it had played a most 
important part in war and munitions work, and 
also in other directions, from the commencement 
of hostilities, but more especially, perhaps, during 
the past year. The war was both unfortunate and 
disastrous, but the Institute had flourished from 
the time when war began, and had made itself 
felt as a power. The increase in membership was 
also a gratifying feature. The general meetings 
had been successful, and one interesting develop- 
ment was that they had dealt with the use of coal 
gas in the metal-melting industry. The use of coal 
gas in metal melting and in metal working had 
increased of late at a tremendous rate, and coal gas 
would ultimately find a greater outlet in industry 
than in domestic use. The work of the Corrosion 
Committee illustrated the co-operation he had 
alluded to. 

Professor Turner expressed his pleasure at the 
large increase in membership, and said that it 
reflected the feeling of the country towards research 
work and metallurgy. 

The report was adopted by the meeting, and 
Dr. Bengough moved, and Mr. J. L. Haughton 
seconded, a vote of thanks to the council. 

In inducting the new President, Professor Car- 
penter, to the chair, Sir G. T. Beilby said he was 
not new in any other sense, for he had been of the 
Institute since the commencement, and through 
the years the Institute had existed, he had taken 
a very important part in all its proceeding, and 
had carried out a large amount of work. The new 
president’s position in the official Departments, such 
as the Admiralty, and the Trench Warfare Boards, 
had been one of steadily increasing importance. And 
notwithstanding all this Institute and co-operative 
work, Professor Carpenter had found time to con- 
tribute to the literary side and also to deliver lectures 
before the Society of Arts. He, Sir G. T. Beilby, 
was pleased to add that the council of the Royal 
Society had selected Professor Carpenter as one 
of their fifteen new Fellows, and he took that 
opportunity to congratulate both the Royal Society 
and the new Fellow, their new president. 

After a vote of thanks, moved by Sir Thomas 
K. Rose, and seconded by Dr. R: 8. Hutton, to the 
past-president, Professor Carpenter delivered his 
presidential address. 


THE PRESIDENTIAL ADDREsS. 


In this, Professor Carpenter traced the history of 
the Institute of Metals. About ten years ago, a 
dozen men met at Manchester to discuss the possi- 
bility of founding an institute for the purpose of 
advancing the scientific and technical study of the 
engineering side of non-ferrous metallurgy in this 
country. The impetus to this meeting had been 
given by a letter from Mr. Robertson, of Bedford, 
to ENGINEERING.* Many had long felt the need 
of an institute which would endeavour to do for 
non-ferrous metals what the Iron and Steel Institute 
had done for iron and steel; but it was right to 
acknowledge that the first step taken towards 
realisation of the scheme was Mr. Robertson’s 
letter in question. 

In the course of his historical review, Professor 
Carpenter recalled two names. That of Sir William 





White, their first president, who had insisted upon 
their having on their council, in approximately 
equal proportions, those who manufactured metals 
and alloys, those who used them, and those who 
studied their scientific properties in laboratories 
and research institutions. In taking this stand, 
Sir William White made himself responsible for a 
policy which, Professor Carpenter believed, had 
more than anything else conduced to the rapid, 
fruitful and harmonious development of the Institute 
and had given it its special character. The second 
name he recalled was that of Mr. W. H. Johnson, 
of Manchester, who took the chair at the inaugural 
meeting at Manchester, and who served the Institute 
with utmost devotion and zeal for the first six years 
of its existence, up to the time of his death, four 
years ago. \ 

Professor Carpenter then reviewed the work of the 
succeeding past-presidents, and added that. if he 
were asked to justify the existence of the Institute, 
he would point, in the first place, to the sales of the 
Institute’s journal. He showed how the sales of 
the journal had increased ; the demand for their 
proceedings in the United States was especially 
noteworthy. His second comment would refer to 
the great increase in membership, 

Copper and its alloys figured much more frequently 
in the pages of the journal than any other metal ; 
this, no doubt, corresponded to a preponderance in 
the number of members engaged in the manufacture 
or in the use of this metal and its alloys, and to the 
fact that they had always been the more important 
industrial non-ferrous metals. But copper was now 
being challenged by aluminium; then there was 
nickel, zinc and other alloys, and he doubted whether 
any of these other metals was represented in their 
membership to an extent which corresponded to 
its practical importance. If such was the care, 
steps ought to be taken to remedy the deficiency. 

Professor Carpenter also gave a history of the 
Corrosion Research Committee, a committee which 
was set up to attempt the solution of one of the 
most perplexing problems which still confronted 
the users of non-ferrous alloys. No other technical 
society had at so early a stage in its existence made 
itself responsible for the solution of a problem of so 
wide practical interest. He coupled Dr. Bengough’s 
name with the work of the Committee in question, 
and read a letter from an American firm, specialists 
in condenser-tube manufacture, and having a large 
experience in the casting and working of brats. 
The firm had obtained a copy of the Corrosion 
Committee’s Second report, which, they found gave 
the best information on causes and prevention of 
failure in condenser tubes of anything which had 
been published hitherto. 

Professor Carpenter then entered at length on the 
training of students in its various aspects, and stated 
that the most suitable period at which to link up the 
training given at the educational institution with 
that of the works, was at the end of the student’s 
third year at the former, and during his three 
months’ vacation. The student would then be ready 
to appreciate what he saw at the works and get 
more value out of it. The student then returned to 
his fourth and last year at the educational institu- 
tion with, at any rate, some idea of the kind of 
work that awaited him at the works. When the 
student finally left the educational institution for 
the works, at the end of the fourth year, he should 
be given, for a sufficient time, an opportunity of 
acquainting himself with the works’ practice in each 
of the operating departments. He urged upon 
works’ owners not to stint this period for it was, 
difficult to overestimate its importance. A discern- 
ing management would have little difficulty in 
judging how they could best utilise the services of 
a young man after this probationary period, during 
which he should be paid, at any rate, a living wage. 

In closing his address, Professor Carpenter referred 
in a few words to the war, and mentioned the names 
of six members who had given their lives for their 
country. He added the fact that the Institute had 
organised itself from the commencement on an 
international basis, thereby giving a definite pledge 
to mankind that peace, and not war, was the normal 
relation for the nations of this earth. ; 

Admiral Goodwin, in proposing a vote of thanks 





* See ENGINEERING, vol. Ixxxv., page 124. 


to the president for his address, said he could testify 
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‘to the amount of work Professor @arpenter carried 
‘out at the Corrosion Committee, among others. The 
Navy was in close touch with the work of that 
Committee. 
‘+ The vote of thanks was seconded by Dr. C. A. 
Edwards, and was carried by acclamation. 

The meetings of the Institute were co .tinued 
yesterday afternoon and evening ; we shali report 
them in our next issue. 





INDUSTRIAL NOTES. 

THE Minister of Labour has set up a committee, 
to be known as the Labour Resettlement Committee, 
to advise him on the problems arising out of the 
demobilisation of the forces. The questions which 
will be referred to it include not only those connected 
with the resettlement of soldiers and sailors in civil 
life, but also those connected with the disbandment 
of munition workers, inasmuch as the restarting of 
industry after the war demands that these two sets of 
questions shall be treated on uniform lines. All 
schemes devised for dealing with these questions will 
be referred to the committee for their consideration 
and advice before they are put into operation, and the 
committee will be closely associated with their adminis- 
tration. By this means, the Minister hopes to secure 
the co-operation of employers and trade unions with the 
Government, which he regards as an essential condition 
for success. ‘The committee’s terms of reference are as 
follows :— 

“To advise the Ministry of Labour on the -resettle- 
ment of labour after the war consequent upon the 
demobilisation of the forces and the discharge of 
workers owing to the cessation of work or to circum- 
stances arising out of the war.” ; 

The chairman is the Right Hon. the Minister of 
Labour, and the vice-chairman, the Right Hon. Lord 
Burnham. 

The first meeting of the committee took place last 
Tuesday. The Minister of Labour presided, | and 
stated that it was his intention to avail himself to 
the ‘fullest extent of the committee’s services and to 
associate them very closely with the administrative 
work which the Labour Department would have to 
carry out. 

Among the most important subjects for consideration 
hy the committee would be the arrangements for pro- 
viding out-of-work pay for ex-service men and others 
who were unemployed. In the case of ex-service men 
it was proposed to give a month’s furlough with full 
pay and allowances, to be followed by a free policy of 
insurance against unemployment which would be valid 
during the succeeding year. The precise amount 
of the weekly rate of benefit’ was not yet settled, but 
it was proposed that it should be possible to draw 
benefit up to a total of twenty weeks during the year. 
The majority of civil war workers were already insured 
against unemployment, but the rate of benefit in their 
case was only 7s. a week, and though this was in many 
cases supplemented by voluntary insurance through 
trade unions, the amount was clearly inadequate for 
any prolonged period of unemployment. The best 
method of dealing with this difficulty and also of 
providing for the workpeople who were not at present 
covered by insurance was receiving careful considera- 
tion. 

An important part of the scheme so far as the army 
was concerned was the classification of the various 
trades of the country according to their national 
importance and the immediate prospects of employ- 
ment which they offered. In order to deal with this 
very difficult problem the Government would require 
the most complete and up-to-date information about 
the prospects as regards raw materials, financial 
facilities, and employment in all the principal 
industries. 

It was essential, the Minister concluded, that all 
the questions involved should be carefully considered 
beforehand by joint bodies fully representative of the 
employers’ organisations and the trade unions in every 
important industry. 

An interesting paper on “The Foundation of 
Industrial Peace *’ was read before the Royal Society 
of Arty on the 6th inst., by Mr. A. H. Paterson, general 
secretary, National Alliance of Employers and 
Employed, a letter from whom we published on page 
265 ante. In the course of the paper in question, 
Mr. Paterson stated that the most urgent need of the 
country in industry when the war is over will be 
efficient workmen and workwomen to manufacture 
goods for home and: foreign markets. Now, it was 
impossible for the men in the trenches to be at first 
as efficient for very many kinds of skilled employment 
in factory or workshop as those who had been at work 
thrqughout the war. There was the further point that 
the munition workers will be on the spot ready .for 
immediate transference to reconstructive work. It 





was this fact, above all others, which caused the 
soldiers to be most greatly discontented when high 
officials in this country laid stress upon a plan of 
gradual demobilisation. If, in addition to being held 
back long from their homes, the men of the forces 
found that preference in re-employment was being 
given to the men and the women who took their places 
in industry when they, the soldiers, were forced out 
into military service, there would be trouble of the 
most serious kind, said Mr. Paterson. 

Our present concern, Mr. Paterson further stated, 
was to consider whether any sure and stable foundation 
could be laid down on which might be built up any 
industrial peace sufficiently comprehensive, effective 
and permanent. The power of creating all that was 
needed was ready to hand. If all the forces engaged in 
industry were to seek alliance with one another for 
an improvement in these conditions of industry which 
all alike concurred in feeling to be of vital importance, 
not one of the differences that existed between them. 
and probably always would exist, would drive them 
into conflict. Alliance between employers and em- 

loyed was not only possible, but was being established. 
ts main achievement so far was the creation of con- 
fidence and mutual trust among representatives of 
certain employers’ associations and trade unions, and 
the members belonging to such bodies. It had, in 
addition, created an atmosphere of friendliness among 
local groups of workmen and employers in some 
large industrial centres. It had, further, begun to 
cause serious annoyance to the more extreme and 
bigoted advocates of industrial division, disruption 
and dissolution. All that was needed now was that 
the people of this country, irrespective of class, politics 
and divergent points of view over the relative position 
of “‘ Capital and Labour,” should realise the importance 
of peace in industry now and after the war, as they 
had realised the need for the struggle with Germany, 
and should be ready to make some part—not a great 
part—of the sacrifice to obtain it which they were 
making so heroically to beat Prussian militarism 
to-day. If it was realised that none of the ideals we 
cherished could possibly be attained unless there was 
peace between Capital and Labour, the very deter- 
mination to create better things for ourselves and our 
class would be an incentive to laying a foundation 
for our country of an industrial peace which it would 
not be possible for irreconcilables of any kind to break. 


Speaking in Halifax last Saturday on a six-hours 
working day for textile operatives, Lord Leverhulme 
stated that the war was going to mean more to us and 
to Germany than any that had ever occurred. If 
we won we should he the bridegroom, and if we lost 
we should be the corpse. Many people had advised 
methods which they had seen in operation in Russia 
with disastrous results. It was an axiom with which 
he wished to start that there was no reduction of hours 
possible except on the lines of cheaper production. 
There was no reason why they should work six hours 
per day if they could produce more and cheaper by 
working four hours, and so on. It had been calculated 
that if everything were ideal, the number of hours 
to be worked in order to produce, not only everything 
consumed in the United Kingdom, but everything 
required for exchange and foreign trade, was not six 
hours per day, but one hour per week. Cheaper 
production was essential, because we were in com- 
petition with the whole of the world. “Ca canny” 
had been very bad in the building trade because the 
building trade was local and not subject to foreign 
competition, or, indeed, the competition of other parts 
of the United Kingdom. The textile trade was the 
most free from the principle of ‘ca canny” of any, 
probably because of foreign competition. 





In the course of a speech he made at Sheffield last 
Monday to a body of about 160 business men, Lord 
Leverhulme said that in most industries, interest on 
capital (which he took at 5 or 6 per cent. on the 
ordinary shares), repairs, renewals and depreciation, 
were at least double the wages. Now, he added, 
suppose in an eight-hour day, or a 48-hour week, 
1,000 units of goods were being produced at a wages 
cost of 1,000/. With fixed charges at 2,000/., the total 
cost was 3,000/., or 31. per unit of production. But, 
by reducing the working day to six hours, and having 
two shifts—a total working week of 72 hours—the 
output would be increased to 1,500 units. The wages 
would now be 2,0001., while the standing charges 
would remain at 2,000/. The cost per unit would be 
reduced from 60s. to 538. 4d. This was on the assump- 
tion that the workers would produce no more per hour 
in the six hours than they did in the eight. But all 
statistics showed that they produced more per hour 
under such conditions. Suppose they arranged to 
give a bonus of 1 per cent. for every 1 per cent, of 
faster production. Then, if the employees produced 
as much in six. hours as they formerly did in eight, 





and the calculation would work out thus: Wages 
2,0001.; bonus, 667/.; fixed charges, 2,000/.; total 
4,6671.; cost per unit, 46s. 8d. This was no fancy 
picture. He could not say that it applied to every 
industry, but he had not yet seen an industry employing 
machinery to a la: extent and requiring a large 
amount of capital to which it did not apply. 

He concluded by stating that the programme he had 
sketched would cause all jealousy as to the employer 
being too highly paid to disappear, for the workman 
would recognise that if the employer was making 
money he was making it because he sold his goods the 
cheapest, paid the highest rates of wages, and gave 
the best conditions to his workpeople. 





In pursuance of an agreement between the Engineer- 
ing Employers’ Federation and various trade unions, 
providing for a review of wages in the engineering and 
foundry trades every four months during the war, 
the Committee on Production heard the parties on 
February 27, when several applications for increased 
wages of varying amounts were submitted. Similar 
applications had been made by workpeople employed 
in the shipbuilding trade, and these were heard on the 
same date. 

By previous awards of the Committee on Production, 
the men concerned have received advances over 
pre-war rates of not less than 20s. a week, in the case 
of plain time workers, and 13s. a week, plus an increase 
of 10 per cent. on piece prices, in the case of piece 
workers. In addition to these advances, earnings 
have been increased by grants of a bonus of 12} per 
cent. in the case of plain time workers, and 7} per cent. 
in the case of piece workers and other workmen who 
are not paid at plain time rates. 

The award of the committee (March 5, 1918) is that 
conditions at the present time do not warrant any 
further general alteration of wages. 





In connection with the offence of employing men 
who may be absentees from the Army Reserve, attention 
is directed to the new Defence of the Realm Regulation, 
41,8, which imposes important obligations on employers 
and others, and on men seeking employment. An 
explanatory leaflet known as M.N.S. Form R. 35, 
containing a copy of the regulation and setting out 
the concession referred to, may be obtained from the 
Employment Exchanges of the Ministry of Labour, 
on application by employers and others concerned. 


The Committee on Production having, on the 
8th inst., considered a claim made by the National 
Transport Workers’ Federation to the Municipal 
Tramways Association, the Tramways and Light 
Railways Association and the London General Omnibus 
Company, Limited, for an advance in wages, decided 
that the men concerned aged 18 years and over, and 
the grades of women aged 18 years and over, whose 
terms of employment include an undertaking that 
they shall be paid the same rates as the grades of men 
whose places they have filled, should receive such 
advance as would give 11. a week over the pre-war rates 
of the grades concerned, payment to be made on the 
basis of a week of six days or shifts. Women aged 
18 years and over not covered by the above decision 
are to receive an advance of 4s, a week, subject to a 
maximum of 20s. a week over the pre-war rates of the 
grades concerned. Girls, boys and youths under 
18 years are to receive such an increase in wages as 
will give them half the additional advances given by 
the committee’s award to the men or women, as the 
case may be, in the same undertaking. The advances 
are to be first payable on the pay day in the week 
commencing the 4th inst. The award does not include 
women to whom the provisions of the Orders made 
by the Minister of Munitions under the Munitions of 
War (Amendment) Act, 1916, apply. 





GLOssARY OF AERONAUTICAL WORDS AND PHRASES.— 
We have received a copy of the second edition of this 
glossary, which is published at the price of I+.. net by 
Aircraft, 69, Bishopsgate, E.C. 2. It contains also a 
number of English-French terms, and illustrations and 
diagrams, on several of which are marked the component 

rts. The booklet is very carefully got up and will be 
ound most useful for reference purposes. 


“Tue Pracrica, ENGINEER’s MECHANICAL PockET 
Boox.”—This pocket book and. diary for the current 
ear, which is issued at the price of ls, 6d. by the 
echnical Publishing Company, Limited, 1, Gough- 
square, Fleet street, E.C. 4, contains 634 of 
information on all mechanical subjects, divi into 
17. sections dealing with steam, gas and oi! engines, 
hydraulics, machine tools, &¢., and covers the con- 
struction and working of engines, reference to which is 
facilitated by a very complete index. The diary portion 
has seven days per . . There are also glossaries in 
French, Spanish an ussian. The book appeals to a 
very wide circle, but its handiness would be increased by 
placing all the advertisements together at the commence- 


they would be entitled to a honus of 334 per ccnt.: ment and at the end. 
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A SEMI-OFFICIAL INVESTIGATIONS 
COMMITTEE. 
To THe Eprror oF ENGINEERING. 

Sir,—The first impression received by an inventor 
compelled, in war time, to work through Government 
channels, is one of extreme apathy of most of the officials 
approached. A superior officer will raise trifling objec- 
tions to forwarding suggestions; no reply is received 
to a letter addressed to the head of a department likely 
to make use of a new device ; an Inventions Committee 
will politely acknowledge receipt and indefinitely post, 
pone a promised decision. 

Used to co-operation with colleagues, employees and 
scientists retained for development work, and to advice 


from those likely to adopt his apparatus, an inventor | p; 


is soon led to investigate the reason for so different a 
state of affairs in the public service. The personal 
interest of almost every public servant concerned is 
directly opposed to the progress of an invention. 
Development work and trials will interfere with his 
regular duties and may land him in ill-understood 
scientific discussions or force him to commit himself 
to disputable technical opinions. If the invention 
prove unsuccessful he will incur blame and ridicule, 
while, if it turns out well, he cannot obtain patent rights 
for original devices, nor the least credit for the other 
work involved. He has to work hard to keep in touch 
with new developments and may have to carry out 
re-organisations. He may easily become involved 
in quarrels between rival claimants to original features 
or in complaints against seniors alleged to have appro- 
priated the credit. If, by rendering his work more 
efficient, the invention causes a reduction in his staff, 
this will automatically delay his promotion. By 
forwarding the suggestion to his superiors he has placed 
them in the same invidious position and forfeited claims 
on their personal consideration. 

With everything to lose by forwarding an idea an 
official has often something to gain by holding it up, 
for, by secreting information he may render himself 
indispensable. A further incentive in the same direction 
is often given by jealousy of other departments and of 
external organisations; precautions against enemy 
agents furnishing a sufficiently plausible reason for 
concealment. 

Very few individuals have much faith in the practical 
value of any individual unproved invention, or believe 
that it will repay the labour and worry spent on its 
development. The higher ranks of the services are not 
selected for scientific insight or mechanical ingenuity. 
The inventor, proverbially inarticulate, visionary, even 
unpractical, is the very reverse of the type selected for 
command. The senior officer or administrator is only 
too often the very reverse of the type capable of assisting 
the progrees of an invention. 

These considerations make it clear that only the 
simplest organisation can successfully develop an 
invention. A series of offices or a chain of command for 
correspondence to pass through is sufficient to ensure 
failure, for each link is an additional source of delay and 
obstruction. Communication with manufacturers, with 
scientists and with those testing apparatus in the field 
must be direct. 

Unfortunately the vast majority of useful suggestions 
emanate from junior combatant officers. These men 
have the maximum experience of the mechanism of 
fighting; their work leaves them sufficient intervals 
off slows ; scientific and engineering experience is more 
common among them than among theii seniors of the 
old army and a larger proportion can afford to pursue 
experimental work at the expense of their service 
prospects. 

Direct communication with junior ranks can only 
be of an unofficial and advisory nature, for their com- 
manding officers would rightly object to their receiving 
orders from, or being responsible to any other authority. 
It naturally takes the form of an exchange of suggestions 
and information and of bringing would-be inventors into 
touch with other workers in the same field. 

Cemmanding officers have no objections to their 
officers corresponding with private firms or unofficial 
bodies, and so long as undue risks are not incurred nor 
duty interfered with, readily grant permission to those 
wicking to carry out experiments. Senior officers, too, 
who are often unwilling to commit themselves through 
official channels, will generally discuss a proposal un- 
officially in a constructive spirit. The same system 
might well be extended to manufacturers at home. In 
peace time an experienced inventor, before embarking 
on experimental work, collects information from every 

ssible source: patent files, text books, trade cata- 
ogues, proceedings of learned societies, records of old 
experiments, experiences of previous investigators and 
8 gestions from users of existing apparatus. 

Under war conditions all these channels are at least 
partially closed, patents are secret trade information 
out of date, learned societies are censored, the records 
of previous official experiments’ \re lost or secreted and 
worst of all communication with prospective users at 
the front has to filter through such a number of offices 
that even when it is not suppressed or censored out of 
recognition, it is generally out of date on arrival. 

An “Inventions Committee” which collects and 
disseminatesinformation will restore an essential function 
now paralysed by war conditions. It should not be 
difficult to organise. The bulk of the work would be 
-mere classification. of suggestions and elimination of 
those already tried or containing obvious scientific 
fallacies. Clerks iu patent offices, who perform similar 


work in peace time, need ‘no very high scientific attain- 
ments. 

Consulting engineers, scientists and professors would 
ecoupy @ position corresponding .to that of the manu- 
facturing engineers and soldier-inventors. Suggestions 


would be received from them, and they, too, put into 
touch with workers in the same field. 

In time such men assist in developing inventions 
in one of two alternative capacities. Some are consulted 
or retained by manufacturers and inventors to make 
particular investigations ; others are employed by those 
contemplating the adoption of novel apparatus to carry 
out tests and give technical advice. 

This distinction should be rigidly maintained in the 
public service and those employed in testing should be 
debarred from developing inventions of their own; 
otherwise, the experimental work falling under the 
increasingly direct control of the testing staff of scientists 
and prof s, will the character of academic 
laborato: research; while inventors, suspicious of 

rejudged trials and concealment of information will 
fight shy of the committee, discredit such advice and 
information as it may give, evade its directions and 
continue to develop their ideas independently, or with 
haphazard personal acquaintances. 

Would-be inventors will, proverbially, struggle against 
adverse conditions and every discouragement and 
opposition while they retain the least hope of success. 

vast number of experiments tried unofficially in 
field workshops at the front and in munition factories 
and private workshops at home is a matter of common 
knowledge. A large proportion of all the progress made 
is due to them, although their efficiency is much lower 
than that ot the official pioneer work ; all, in fact, with 
the exception of a minute proportion, are futile and 
consist in re-trying similar specious contrivances. 
Neither munitions orders nor priority regulations, nor 
inspection officials, can seriously reduce them, nor is any 
arbitrary control likely to do so. Yet once let an 
inventions committee distribute absolutely reliable 
scientific information and accounts of previous tests, 
and the whole of this labour will be saved or turned 
into useful channels. 

With such ample facilities for experimental work as 
would thus be rendered available the task of directing 
its general course would become easy. War apparatus 
is limited in variety, in bulk and in cost. ith the 
exception of the most expensive and unpromising 
proposals, every idea containing a possibility of improve- 
ment could be worked out. 

No attempt need then be made to conceal from the 
enemy the general direction of research ; this is probably 
hopeless in any case, for ample channels of information 
to the enemy are provided by captured apparatus and 
spies. Specific information would only be withheld 
from inquirers when the directorate of the committee 
decided that the risk of it actually adding to the enemy’s 
scientific and mechanical knowledge outweighed the 
advantages of rapid development by additional experi- 
menters. 

Suggestions and reports would be cross-indexed into 
lists of manufacturers, scientists, soldiers, officials 
and others able to help in the development of each 
invention ; and, by inviting these to correspond either 
directly or through the office, the formation of groups 
would be arranged, each capable of carrying a suggestion 
into practical form. 

Higher authorities would be consulted as questions 
of tactics and of manufacture or scientific difficulties 
arose, and ample information of a practical nature be 
available for those determining on its adoption. 

These duties are not unlike those of the directorates 
of progressive firms,in their dealings with other paten- 
tees, with consulting engineers, with licencees and with 
customers. A degree of official recognition would be 
necessary to ensure recommendations carrying weight 
with munitions and priority departments, but relations 
with soldiers, inventors and manufacturers must depend 
rather on the reputation of the directorate for integrity, 
ability and commercial standing. 

The funds necessary for developing inventions, 
rewarding successful experiments, &c., might be derived 
either from a Government grant or from payments 
made under agreement by those whose inventions were 
brought to financial success. 

I am, yours truly, 
‘* PROMETHEUS.” 








CONCRETE COTTAGES. 
To THe Eprror or ENGINEERING. 

Sim,—It is with the greatest interest I have read the 
correspondence in your valuable paper on the above 
subject, and being one who has no “concrete” axe 
to grind would like to help others in avoiding its use, at 
any rate so far as buildings for residence are concerned. 

T have, by necessity, had to exist in one of these 
concrete structures for some three years, and I must say 
that of all the comfortless, unhealthy premises in the 
whole of my experience this is by far the worst. 

The buildings are cold, very damp, and the atmosphere 
foul to a degree. The latter probably due to the gases 
given off by the setting material. 

I can speak with authority on two out of the three 
points raised by Philadelphian, viz.: (1) Coldness of 
concrete buildings; (2) condensation of moisture. 
As to the third, viz., maintenance, I can only instance 
that when ventilators were needed it was found impossible 
to fit them in the correct places as it would have com- 
pletely defected the whole structure. 

Finally, I may say that concrete structures are cold 
and damp, and quite unsuitable for the construction of 
houses which are to be occupied by human beings, and 
I sincerely trust that the authorities will never counten- 
ance any building for a cottage that has been so con- 
structed; and they should act. before the “concrete 
interest '’ has too much hold and can force their way 
against building authorities throughout the country. 





From what I know by personal experience of residence 





in concrete buildings, such complaints are aggravated 
or produced as sciatica, colds, lumbago, and other 
maladies consequent from being surrounded by cold 
walls and consequent discomforts. 

One might as well be housed in unlined tin huts as 
to be placed in a concrete-constructed house or cottage. 

In conclusion, I must say that I sincerely trust that 
local authorities responsible for house building will 
steadfastly set their faces against the adoption of concrete 
houses or cottages. 

Yours faithfully, 
“ BRITISHER.” 
March 7, 1918. 








* ELECTRICAL ENGINEERING PRACTICE.” 
To THE Eprror or ENGINEERING. 
S1r,—While thanking you for the useful review of the 
third edition of my “ Electrical 4ngineering Practice ” 
(ENGINEERING, November 2, 1917, page 476), may I 
point out that your reviewer's last paragraph exposes an 
error that does not in fact exist. The dia} diagram was 
an actual one in my own house, misread by the meter 
reader in the manner explained in the text ; and the 
correct reading is that given by me. The index hands 
are seldom exactly adjusted after a few years use and 
every engineer must have met with such cases. 
Yours faithfully, 


Simla, December 18, 1917. J. W. MEAREs. 





RELATION BETWEEN OSMOTIC PRESSURE, 
SOLUTION TENSION, SURFACE TENSION, 
AND THE ELASTICITY COEFFICIENT OF 
THE ETHER. - 


To THE EpiToR OF ENGINEERING. 
Sir,—The diagram illustrates the tensions and 
pressures in a Daniel cell on an imaginary piston of 
diameter 0.5 x 10-8. 

















Q ee — . 
P P BY 
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P = Solution tension of zinc. 

Q = Solution tension of copper. 

p = Osmotic pressure of sulphate solution. 
B = Ethereal pressure of electron. 


The force B.is a constant and was calculated for this 


‘piston area at 484 x 10-5 dynes in my letter on the 


Elasticity Coefficient of the Ether,” in your issue of 
February 22. The other forces vary with temperature. 
condition of surface, quantity of current, &c., but the 
following identities should hold :— 


Q+B =p 
Q+2B=P 


as they are all in equilibrium with the ethereal pressure 
A = 2468 x 1011 dynes per square centimetre through 
the surface tensions to be presently considered. 

e zine solution tension P, according to Nernst, 
represents the osmotic pressure in the solid metal. It is 
reduced to the lower osmotic pressure p of the liquid by 
the gain of an electron or ethereal cavity B which is 
immediately driven into the metal. The ethereal 
pressure B is the electromotive force of the current and 
its anodic resistance is the osmotic pressure p on the 
-_— side of the piston area. The osmotic pressure p 
of the liquid also forces a copper ion on to the cathode 
against the inferior solution tension Q, which becomes 
the osmotic pressure in the solid metal by giving up an 
electron or ethereal cavity B to the solution. is. 
again, is the electromotive force of the current and its 
cathodic resistance is the solution tension Q. The 
electron current is therefore :— 


e/r = B/(p + Q) 


for a single electron only, as the value of p and Q must 
increase with the intensity of E, or 

E/R=nB/(mp + m,Q) 
per square centimetre of electrode. 

Professor Callendar, at Dundee (B.A. 1912), was not 
satisfied with the electronic theory of matter when he 
stated: ‘“‘ We may at least assert with some confidence 
that the corpuscles of caloric which constitute a current 
of heat in a metal are very closely related to the corpuscles 
of electricity and have an equal right to be regarded as 
constituting a material fluid possessing an objective 
physical existence”; and again: ‘‘ One may naturally 
regard the liquid and gaseous states as conjugate solu- 
tions of caloric in matter and matter in caloric’ respec- 
tively.” ‘Matter in caloric” may be identified with 
chemical atoms in the ether, each chemical atom dis- 
placing a number of ether atoms equal to its specific 
atomic number. The chemical atom may become 
positively charged by the addition of another ether 
atom to its atmosphere, or negatively charged by the 
loss of an ether atom from the same ethereal atmosphere, 
whereby it acquires a potential equal to the pressure 
of the ether on a spherical cavity of diameter 0.5 x 10-® 
tempered by the positive or negative tendency of the 
same atom when neutral in regard to the unit charge. 
These electrons are securely held by electrolytes, but 
may be manufactured and forced out of metals by heat, 
thereby reducing the surface tension of the crystals in 
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the metal, and consequently the tensile strength of the 
metal. 

The spherical cavity of effective diameter 0.5 x 10-8 
may actually reduce to 4 x 10-15 as calculated for the 
diameter of an electron by ordinary electrodynamics. 
This reduction, which consists of four tetrahedrally-in- 
clined displacement currents, would produce radiating 
lines of tension with equal tangential pressures. The sur- 
face tension of a spherical globule of an electrolyte may be 
calculated from the number of ions or electrons which it 
contains. Although the electrons produce a negative 
pressure along their radiating lines of force, the equal tan- 
gential pressures would be produced by a positive ethereal 
pressure normal to the surface of the envelope equal to 
484 N x 10-5 dynes where N is the total number of 
electrons inside the envelope. It is more reasonable 
to measure these pressures, and deduce the tangential 
surface tensions by established laws of dynamics, than 
to postulate a metaphysical force for each and every 
special manifestation of energy, and incidentally to show 
why the surface tension diminishes as the temperature 
rises. The constants A and B are correlating factors 
which should complete the theory of energetics. 

Yours faithfully, 
Frep. G. Epwarps. 

33, St. Ronans-road, Sheffield, 

March 1, 1918. 








RETROGRESSION IN THE PATENT OFFICE. 
To tHE Eprror or ENGINEERING. 

Srr,—Sufficient time has now elapsed since the intro- 
duction of the new system of numbering specifications 
at the Patent Office for the old method to be completely 
superseded, and the present occasion, after two years of 
its operation, is opportune for some open criticism. 

The object of the new method was to obtain publication 
of an abridgment as soon as possible after acceptance, 
and to present them in numerical sequence. (See 
Patent Journal 1408, January 12, 1916.) 

This object has been attained, and no one can doubt 
the advantages which it offers to those interested in 
patent matters. It is, however, a matter for regret, and 
one for adverse criticism, that the incidental methods 
and alterations of previous practice adopted by the 
Patent Office have been so little considered that facili- 
ties which the public previously possessed for search 
and abstractions have now largely disappeared. 

Under the old arrangement “‘ applications for patents ”’ 
were published in numerical sequence, an ideal method 
for ensuring search through all numbers and claasification 
in any form of abstract required by either the Patent 
Office or the public. All numbers were given, including 
those to which “secret applications” were allocated. 
Joint applicants were also given correctly, and the 
corresponding weekly abstract by the Patent Office 
consisted of an index of subjects with the corresponding 
numbers. 

In the event of acceptance of any specification being 
delayed by considerations of national importance or the 
exigencies of war, the public were still able to assume 
that fact from the abridgments and to confirm it later 
from the specification files. In due time, when the 
necessity for continued “‘ secrecy ” vanished, publication 
of acceptance filled a gap in a searcher’s records. 

The public facilities then left little to be desired so far 
as concerned the ascertainment of the immediate trend 
of invention. 

With the advent of the new numbering system were 
introduced several innovations unnecessary for the main 
object, and’ several existing facilities disappeared. 
Under the old arrangement there were tabulations :— 

(a) The numerical sequence of applicants, giving joint 
applicants where they occurred. 

(6) The index of names and corresponding numbers. 

(c) The weekly index of subjects and numbers for 
all applications. 

(d) The- quarterly index of names of all applicants 
with numbers and subjects. 

(e) A similar annual index. 

Under the new arrangement there has appeared in 
place of (a) and (6) an alphabetical list of applicants 
giving the subjects and numbers without any corre- 
sponding index of subjects, or even any guarantee that 
all numbers are included. 

Names are given separately in the case of joint appli- 
cants, without any indication except the identity of 
numbers that they are co-applicants. Even when the 
joint applicants have the same surname they are given 
in separate lines, and except for the number and date 
have the appearance of separate applications. The 
“convenience of reference’ given as the reason for the 
change is apparently one for the Patent Office and not 
for public utility. If one now requires to ascertain the 
number of an application it can only be found from the 
official. Journal by examining every issue since the 
approximate date; alternatively, however, it can be 
ascertained by an inspection of a card index at the 
Patent Library. 

The Sales Department is not provided with public 
facilities.for the ascertainment of a patent number when 
the application number is known, and a prospective 
purchaser must solicit the assistance of the staff or refer 
to the library card index, with which he may not be 
cognisant. 

The indexes under (c), (d) and (e) have completely 
Sugeest, and the’ public are-no longer informed as 
to. number of applicants at work on any particular 
class of invention. 

- In place of the old. schedules of “complete specifica- 
tions. accepted * and’ “‘ open to public inspection,” given 
under a plication numbers, ’a’ new combined schedule 
‘Ss provided, under the ‘two: headings, with one series of 
numbers:running from. 100,00J- onwards :‘‘ without any 





indication of date.” 
all proceedings after acceptance of the complete specifica - 


tions” they become virtually patent numbers, and are | 
so classed by the Patent Office and printed in large | 


type on the specifications. As a matter of fact they are 
abridgment numbers only, and do not necessarily indicate 
that a patent has or may be granted, owing to the 
“inspections” being composed of convention. cases 
which appear in the list after the prescribed period from 
the convention date. When, however, after some time, 
these cases are accepted they again appear in the 
“ acceptances ”’ list, but having already been numbered 
are in this instance out of numerical sequence. They 
are then placed in sequence under the application 
numbers thus demonstrating that the older arrangement 
has not become indispensable. Unfortunately, however, 
in place of the indexes (c), (d) and (e), new ones have 
appeared for the renumbered applications only, and in 
the reconstructed subject weekly index (c) one finds 
the aforesaid convention case numbered outside the 
limits of the included sequence with a mark indicating 
without differentiation that the specification is either 
accepted or has become void. If the reader assumes the 
former, the only way to find the reference is to inspect 
the complete tabulation owing to the fact that the 
application number is omitted in the index. 

A large amount of inconvenience to the public would 
have been saved if the new numbers had been correctly 
named “‘ abri nt numbers” and the old application 
numbers and dates retained. There cannot be two 
opinions that, including convention cases, the old 
numbering system was particularly British and provided 
a distinctive identity to a patent which has unfortunately 
been overshadowed by the new system. Under the new 
numbering it does not even follow that higher numbers 
are of later date of application than lower ones, and 
all identification of age of a patent is completely “* lost.” 
The further omission of application numbers from the 
legal documents is not an improvement. 

The public should further note that in the reconstructed 
quarterly and annual indexes (d) and (e) the page 
openings and headlines are identical with the old arrange- 
ment, and a casual searcher in volumes prior to 1916 
in “names of applicants’ may assume, when searching 
volumes 1916 onwards, that he is examining a con- 
tinuation thereof, whereas in fact the latter refers to 
names only of applicants who reached the abridgment 
classification. ‘‘Abridgment” is the only correct 
classification for the new number system, as under 
convention regulations the foreign applications are 
published in abridged form whether accepted or not. 

Further changes contemporary with the renumbering 
system consist of the omission of names from lists of 
* Patents sealed,”’ ‘“* Opposition proceedings,” ** Assign- 
ments,” ‘“‘ Renewals,” ‘* Voids,” and “ Applications 
void.”” Their identity is now lost in bald columns of 
figures. An improvement would have been the retention 
of the names with the numbers and names arranged below 
each other in narrow columns. 

As the Patent Office is a public institution earning a 
six figure annual profit, the public has a right to expect 
efficiency in the facilities which the Office pretends to 
offer. It cannot, however, be claimed that the recent 
changes and ambiguity in the practice of numbering, the 
omission of names from schedules and the abridged 
indexes offer further public facilities for search, but rather 
that the withdrawal from indexes of applications which 
fail to mature is calculated to deceive searchers and 
destroy the continuity of statistics—or at least remove 
the, facilities for verification which the public have 
previously possessed. 

An immediate improvement would be to call the new 
numbering “‘abridgment numbers,” subordinate them 
to the application numbers and adhere to the application 
numbers for patent numbers as heretofore. The old 
indexes ought never to have been abolished, but the 
break could be remedied by new annual indexes for 
1916-7. Records of all applications in numerical order 
could be given as in the past, but independent of the 
illustrated abridgments by giving the abridgment number 
after the application number. Surprise has n 
expressed by readers that a numerical record of all 
pyre did not appear about May, 1917, when the 
old sequence had been completed. 

There are other ways in which improvements in 
methods and facilities would be appreciated. As an 
instance, subscribers to the Journal are compelled to 
start from given dates only, a condition which few, if 
any, newspaper publishers would attempt to enforce. 

Yours faithfully, 
ArtTuur E. Gort. 

Southall. 

{The revised form of the Journal has certainly cut out 
a certain amount of information, and reduced the 
amount of printing. The information so cut out, 
however, became practically dead at the end of every 

uarter, and the revised form of the Journal has enabled 
the Comptroller to reduce the size of the annual volume 
by several inches, consequently saving a tremendous 
amount of paper, and he has also been able to reduce the 
staff engaged on the preparation of the Journal. 

At the Patent Office Library there is a manuscript list 
of applications. The new method of numbering specifica- 
tions is regarded by most persons as a great improvement. 
They can obtain an abstract of the specification up to 
fifteen months earlier than they otherwise could; it 
enables the volumes in the Patent. Office Library to be 
bound up some fifteen months earlier, and in making 
searches for patents taken out by inventors when the 
name is given, it weeds out. all the abandoned applica- 
tions. Under the new. system, if an application is 
numbered above 100,000 in the annual index, it is known 
that the specification is. printed, and all trouble is saved 
in ascertaining whether or not the application has 
become abandoned.—Ep. F.] 


As these numbers are used “in | 


NOTES FROM THE NORTH. 


Grascow, Wednesday. 
Scotch Steel Trade.—The urgent necessity for the 
speeding-up of shipbuilding in the Clyde yards is already 
placing a further responsibility upon the steel-making 
establishments in the West of Scotland, and now the 
demand for plates and all descriptions of sectional 
material is daily on the increase. eavy material, too, 
of various kinds, is being pushed forwatd with the greatest 
possible despatch and the output is exceptionally heavy. 
As matters stand in the meantime, there is a quite 
—— falling-off in the demand for steel for shell 

rs, otherwise steelmakers would have had more than 
a little difficulty in adding to the production of the 
shipbuilders’ requirements. Government, of course, 
continues to be the chief and most important consumer. 
The only material going abroad is some shipments to 
the Allies—France and Italy—and some of the British 
Dependencies. Raw material is being much sought 
after by steelmakers, consequent upon the additional 
demands being made upon their resources. Prices stil] 
remain about the level at which they have stood for some 
considerable time now. 


Malleable Iron Trade.—In the malleable iron trade 
conditions of the greatest pressure continue unabated, 
the iron and steel departments alike being fully employed. 
In order to maintain an equable distribution, according 
to the needs of the consumer, the priority certificate 
system is being rigidly adhered to, with the best possible 
results. With the bulk of the production required for 
home consumption, less and less becomes available for 
export, even the agricultural sections which were, 
formerly, such heavy shipments to the Antipodes, are 
now reduced to a minimum, everything possible being 
reserved for Government, either directly or indirectly. 

Scotch Pig-Iron Trade.—At the moment the pig-iron 


industry stands in a rather anomalous position, for the 
demand is incessant. 





Tue Roya Society or Arts.—The paper on “ Agri- 
cultural Machinery,” by Mr. F. 8. Courtney, announced 
for reading before the society on the 20th inst., has been 
postponed till April 17. As announced in another 
column, a paper on “ The Food Situation in Germany,” 
by Mr. Percy Shuttlewood, will be read on Wednesday, 
the 20th inst. 





A Srare Testinc Sration.—-A State testing and 
experimental institution for the mining industry has 
been formed in Minneapolis, Minnesota, and it will 
co-operate with the mining section of the University 
of Minnesota, Special attention will be paid to the 
treatment of ores with a comparatively low percen 
of iron, and which at present cannot be industrially 
exploited with advantage, so that such ores may be 
enabled to play their part in the iron industry of the 
country. Particular attention will be paid to hematite 
containing 30 per cent. to 50 per cent. iron, to magnesite 
iron and to titaniferous iron ore of which large deposits 
are to be found in the north-eastern portion of Minnesota, 
and to manganese ore with a smal! percentage of man- 
ganese—all problems of great importance to the future 
of the American iron industry. 





Sipe-Biow Converters.—Mr. J. H. Hall, metallurgist, 
Taylor-Wharton Iron and Steel Company, High Bridge, 
NJ. has invented a method of producing steel in 
side-blown converters, and has assigned the patent, U.S. 
1,249,075, to his company, says The Iron Age. He states 
that in the ordinary use of such a converter the agitation 
is much less active than in bottom-blown ones, which is 
the cause often of great irregularity in operation results, 
causing metal or slag to overflow or boil over from time 
to time, occasioning loss of time and material. This 
experience has restricted its use, he claims, especially 
in the treatment of certain materials in which the 
manganese is relatively high in proportion to the silicon. 
He adds that his new process overcomes these and other 
difficulties. He accomplishes this by a certain regulation 
in the quantity of the slag and the percentage of its 
constituents formed during the operation, so as to 
maintain constantly a freely fluid slag, containing 
approximately 60 parts of MnO to every 40 parts of 
810,. 

THe Mancuester CoLttece or Tecuno.tocy.—The 
Governing Body of the Manchester School of Technology 
have decided to alter the name of that institution and to 
adopt the appellation “‘ College of Technology.” In this 
connection, they state that the academic person knows 
what the term “schoo!” implies, but most people are 
not academic, and the term leads to misconception in 
their minds. The change of name, the Governing Body 
add, has been rendered the more necessary by the 
development of the institution during recent years. In 
1911-12, the college was first recognised by the Board of 
Education as being of university rank, and was 
in the list of British universities and university colleges 
receiving grants from the Government. With a view 
to enabling the college to attract and retain experts 
of first-rate ability, the Governing Body are now offering 
professional salaries up tol, or 1,200. per year, 
with permission to undertake private consulting work 
under suitable conditions. The increase in expenditure 
has been partly met by larger Government grants. The 
college buildings have been extended to provide internal- 
combustion engine laboratories, with aeronautical and 
motor-car sections, a new foundry and a. boiler-house. 
The Governing Body now offer annually several Research 
| Scholarships, each of the value of 1001. a year. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield and North Lincolnshire.—The acquisition by 
the Steel Peech and Samuel Fox combine from the 
Steel Company of Scotland of their half share in the 
— Iron Works in North Lincolnshire is an event 
o nw &, importance to the future interests of Sheffield. 
It brings under the combine’s control the whole of this 
important property, which includes four blast furnaces 
and a steel plant in course of construction. In years to 
come the steel trade of the country will have to depend 
more than it has done in the past upon British ore, as 
the supplies from Spain and elsewhere are gradually 
worked out. Sheffield will now be assured of a sub- 
stantial proportion of these ores, and the pig-iron made 
therefrom, the combine now owning not only the Appleby 
works, but the great properties of the Frodingham Iron 
and Steel Company, hile the Trent Iron Works, with 
pnw 1 ge blast furnaces, belong to Messrs. John Brown 
and Co. 


Iron and Steel.—An easier tendency is noticeable 
in many branches of the steel trade, and all-round 
employment is not so good. The consumption of steel 
for shell-making has lessened considerably, and in 
some instances women are still being discharged. 
Great pressure is still, however, experienced in the 
aircraft and shipbuilding departments, and every effort 
is being made to accelerate production. A _ steady 
demand continues for tool steel of ali descriptions. 
The enormous pressure on the engineering trades of 
the country has da big d d for tools, and all 
Sheffield houses specialising in their production are 
booked well ahead. A substantial business is being 
done in small carbon twist drills. Before the war the 
an bulk of these handy little tools were imported 
rom Germany and America, though both these countries, 
curiously enough, came to Sheffield for their raw material 
in the shape of steel wire rods. Several local firms, 
however, have recently put down plant, and are now in 
full production. Practically the whole of their output 
is taken by Government. A small quantity of wire rods 
continues to be sent to France and Italy, in both of 
which countries twist drill plants have been erected. 
Substantial orders continue to come to hand for files, 
and local makers are working under pressure. 


South Yorkshire Coal Trade.—Business continues 
restricted by the shortage of supplies. Practically all 
the output is allocated by the Controller, and there is 
very little tonnage available for the open market. The 
demand for all qualities of house fuel is exceptionally 
strong, but the production is already well booked ahead 
on contract account, and there are few sellers. In steam 
coal great activity prevails. There is a heavy con- 
sumption on home account, and an improvement in the 
tonnage going to the ports for export, but supplies 
are fairly adequate. alr descriptions of small manu- 
facturing fuel are scarce. Gas companies are pressing 
for deliveries to add to stock. In their effort to give 
increased supplies of slacks for core-making some of the 
collieries are stated to be crushing nuts and larger fuel. 
There is a genera! shortage of coke, and coke-making 
slacks are being eagerly sought after, but with only 
moderate success. Quotations at the pit are as follows : 
Best branch handpicked, 23s. to 24s.; Barnsley best 
Silkstone, 23s. to 23s. 6d.; Derbyshire best brights, 
2ls. to 228. Id.; Derbyshire house coal, 18s. 6d. to 
19s. 6d. ; best large nuts, 18s, 6d. to 19s. 6d. ; small nuts, 
178. 6d. to 18s. 6d. ; Yorkshire hards, 18s. 6d. to 198. 6d. ; 
Derbyshire hards, 17s. 9d. to 18s. 9d. ; best slacks, 14s. 
to 14s. 6d. ; seconds, 13s. to 13s. 6d. ; smalls, 98. to 10s. 
per ton. 








Tae British Atummsium Company, Limrrep.—In 
anticipation of extended trade in countries in which the 
metric system is exclusively used, this Company have 

repared a metric edition of “Aluminium: Facts and 

igures.” They have taken the opportunity of incor- 
porating in this additional data on various forms of 
aluminium, and of considerably amplifying the “ Hints 
on the working of Aluminium.” The loose-leaf 
principle has been adhered to in this publication, to 
allow of the addition or substitution of new leaves, as 
occasion arises. We have received from the company 
a copy of their new edition in English and Spanish. 

Tue Danisu Suipsurtpine Inpustry.—The Bur- 
meister and Wain yard, Copenhagen, like other Danish 
—— concerns, has a very satisfactory year, 
although not quite up to the exceptional earnings of the 
rete year. For the last three years the net profits 
ave been: 1915, 3,912,334 kronen ; 1916, 9,015,384 
kronen; and 1917, 6,674,249 kronen. The dividend 
for last year has been fixed at 22 per cent., against 
25 per cent. for the previous year. A sum of 1,252,853 
kronen will be added to the reserve fund and 500,000 
kronen to the fund at disposel, whereby these two 
funds have reached an aggregate of 10,000,000 kronen, 
150,000 kronen being added to the pension fund, 
1,025,000 kronen reserved for additional taxation, 
ee ao ow are cnertet forward, and about 1,300,000 
ronen applied to profit-sharing, &c. The Copenhagen 
Floatin Dock oat Shipyard shows net pieG Sor. teat 
year of 1,528,000 kronen, against 1,057,051 kronen 
for the previous year, which, again, was twice the profit 
for the previous year, the latter in its turn being a record. 
The shareholders again receive 20 per cent. ; reserves, 


&c., amount to 363,000 kronen, and 400,000 kronen are’ 


set aside for extraordinary taxes. The Stuhr yard, 
— which comparatively recently has gone in for 
shipbuilding on a large scale, has earned somewhat more 
than 600,Q00 kronen last year, the dividend being fixed 
at 15 per cent. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MiIpDLesBROoUGH, Wednesday. 
The Cleveland Iron Trade.—Most of the home buying 
of Cleveland foundry iron under the March allocations 
has been fixed up. Allotments have been issued quite 
freely, there being no dearth of iron ; _ but, although 
makers have plenty of pig-iron on hand, ‘conditions 
are such that they find it difficult to deliver on a scale 
to satisfy the calls that are being made, and unless there 


‘is an early marked improvement in the supply of trucks, 


distribution this month will fall below requirements. 
Some producers have hesitated to enter into contracts 
they see very little prospect of fully carrying out. 
Furnaces are working very satisfactorily, and the output 
of pig-iron is well maintained. Home demand for 
Cleveland forge iron, both for early and forward delivery, 
is unabated: There is a little more activity in the 
export trade. The aggregate shipments to France have 
varied little from month to month of late, but March 
clearances promise to be rather above the average. Some 
improvement in shipments to Italy are also reported. 
As the January licences now to hand are much less 
curtailed than was anticipated, the outlook may be 
regarded as decidedly more hopeful. For home con- 
sumption, No. 3 Cleveland pig-iron, No. 4 foundry and 
No. 4 forge all stand at 95s., and No. 1 is 99s.; and for 
shipment to France and Italy, No. 3 and the lower 
qualities are all quoted 114s., and No. 1 is 119s. 


Hematite Iron.—In the East Coast Hematite depart- 
ment the situation was still stringent notwithstanding 
the increasing use of basic iron for steel-making. It is 
gratifying, however, to learn of anticipated relief by 
enlargement of output of hematite at an early date. 
Deliveries to home customers are maintained on a scale 
sufficient to satisfy absolute requirements, and ship- 
ments are reported slightly better, Nos. 1, 2 and 3 are 
122s. 6d. for home use and 147s. 6d. for export to France 
and Italy. 


Coke.—Firmness continues to characterise the coke 
market, the plentiful supply having no apparent detri- 
mental influence on values. Home demand is heavy, 
and inquiries from neutrals are rather better. Average 
blast-furnace coke is 33s. at the ovens, low phosphorus 
mye d 35s. 6d. at the ovens, foundry description 38s. 
or home use. For export, both foundry and furnace 
coke are quoted 45s. f.o.b., and gas-house products runs 
from 388. to 40s. f.o.b. 


Manufactured Iron and Steel.—There is very little 
new to report concerning the various branches of the 
manufactured iron and steel industries. All classes of 
material are in eager demand. The system of allocation 
inaugurated by the Government for the distribution of 
supplies, the objects being to expedite deliveries to the 
Ministry of Munitions, and the Admiralty, as well as to 
economise rail transport, is understood to be working 
fairly well. The following are among the principal 
market quotations to home customers :—Common iron 
bars, 131. 17s. 6d.; best bars, 14/. 5s.; best best bars, 
14/, 128. 6d. ; iron ship plates, 15l.; iron ship angles, 
131. 15s.; packing iron and steel (parallel), 132. 10s. ; 
packing iron and steel (tapered), 151. 15s. ; steel bars 
(no test), 15/.; steel ship plates, 11/. 108. ; steel ship 
angles, 11/. 2s. 6d.; steel boiler plates, 12/. 10s. ; steel 
joists, 111. 28. 6d.; steel hoops, 171. 10s.; and heavy 
sections of steel rails, 101. 17s. 6d.—all f.o.t. at makers’ 
works. There are no fixed prices for export, but 
approximately they may be given as between 2/. and 31. 
above the home quotations. Urgency of demand, 
however, renders price quite a secondary consideration, 





NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Local Markets.—As might be expected, the chief 
topic of discussion on the markets is the new scheme 
for the allocation of orders. The consideration of the 
details has not unnaturally given rise to many questions 
which can only be settled by experience, and which 
cannot be gained until the scheme has been for some 
time in operation. Colliery salesmen anticipate some 
inequalities in distribution, but there is a general feeling 
that the scheme deserves the sympathetic support of the 
collieries, and that the latter should render every assist- 
ance in the carrying out of the provisions of the new 
Order. When the matter was considered at the annual 
meeting of the Monmouthshire and South Wales Coal- 
owners’ Association, it was viewed with some measure 
of apprehension, and criticisms were made regarding 
some of the points, and the opinion was generally 
expressed that at any rate colliery salesmen should be 
freely consulted by the South Wales Coal and Coke Sup- 
plies Commuttee—the authority responsible for its 
administration. Conditions on the market are otherwise 
unchanged, The pits on the best steam coal area have 
been kept fairly well employed, but the collieries on the 
extreme eastern and western districts are not so fortunate, 
and many have been reported idle. There is a good 
supply of pitwood ; and iron ore stocks, although still 
low, have been appreciably strengthened this week. 

Newport.—There have been ‘mixed reports on the 
market from collieries in the Monmouthshire area. So 
far as the export trade is concerned they are dependent 
entirely on day-to-day conditions. The bulk of the 
output of the tern and Western Valley pits is going 
inland, and the home demand is wel] maintained. The 
market otherwise hes been featureless. 


The Allocation of Orders.—The Board of Trade, last 
Saturday, issued the scheme for the allocation of orders 
to the South Wales and Monmouthshire collieries. The 


scheme is, to all intents and purposes, that which was 
repared by the South Wales Coal and Coke Supplies 
mmittee, under the instructions of the Controller of 
Coal Mines. It is explained that the object is to ensure 
as far as possible an equal distribution of work amongst 
the collieries in the Welsh coalfield, and with this object 
in view the District Coal and Coke Supplies Committee 
are empowered to carry out the details, and to allocate 
to each colliery company the quantity of coal which it 
shall be permitted to produce in each period of allocation, 
and no colliery company shall, without the express 
authority of the committee, produce in any such periods 
any coal for shipment as cargo to foreign destinations 
or for bunkers in excess of such quantity. The powers 
of the committee in regard to the allocation of coal for 
home consumption remain unaltered. No allocations 
are to be m to collieries now supplying a quantity 
equivalent to 80 per cent. or more of their output in 
the period for home consumption and/or for the 
Admiralty. For the purpose of carrying out the scheme 
each colliery company is required to supply to the com- 
mittee returns, giving detailed information regarding 
the output and the distribution of the coals produced. 
The standard output of each company shall be adjusted 
each month, according to the ration which the total 
quantity required for France, foreign destinations, and 
for bunkers, bears to the total standard output. Any 
colliery company receiving orders for foreign cargoes 
and bunkers, which would result on the deliveries in any 
one week exceeding the allocated quantity fixed by the 
committee, must report such orders to the committee. 
These are some of the main features of the scheme. It is 
recognised that it will take some time before the trade 
can be adapted to so tremendous a change in its organisa- 
tion as that involved in the scheme, which, as will] be 
seen, both restricts output and regulates distribution, 
but April 1 has been fixed upon as the first operative 
date of the new Order. A large staff has been improvised 
under the direction of Mr. Finlay A. Gibson, secretary 
of the South Wales Coal and Coke ae Committee, 
to deal with the matter, and is already hard at work 
tabulating the information which has now been received 
from the colliery companies on the forms submitted to 
them to fill in the required data. 


South Wales Coal Outputs during 1917.—At_ the 
annual meeting of the Monmouthshire and South Wales 
Coalowners’ Association, held yesterday, a statement 
was submitted by the secretary showing the outputs 
of the members of the Association for the year 1917, and 
also the quantities proposed to be assured for the ensuing 
year. These particulars were as follows :— 


Output. Assurance. 
District Tons. Tons. 





Cardiff... 29,045,472 30,183,501 
Newport 8,894,532 9,159,779 
Swansea 3,684,795 4,130,465 

Total ... ... 41,624,799 43,473,745 





The output of the members of the Cardiff District 
Board in 1917, compared with 1916, showed a decrease 
of 458,730 tons, or 1.5 per cent. ; the Newport Board, 
a decrease of 1,072,303 tons, or 10.7 per cent. ; and the 
Swansea Board, a decrease of 764,057 tons, or 16.4 per 
cent. Mr. Howell R. Jones (of Messrs. Guest, Keen and 
Nettlefold) was appointed chairman of the Association. 





Tue RéntGEN SoctetTy.—The Réntgen Society has 
recently founded an annual lecture in memory of its 
first president, the late Professor Silvanus P. Thompson. 
The first “‘ Silvanus Thompson Memorial Lecture” will 
be delivered by Professor Sir Ernest Rutherford, F.R.S., 
at the next meeting of the society, to be held on Tuesday, 
April 9, at 8p.m. The council will be pleased to welcome 
all interested, and applications for cards of admission 
should be made to the hon. secretary of the society, 
Dr. 8. Russ, Middlesex Hospital, London, W. 1. 





Tue Late Mr. GREVILLE TYNDALL Jones.—We regret 
to have to announce the death, which occurred at his 
residence, Homewood, Linthorpe, Middlesbrough, on 
Wednesday, the 6th inst., of Mr. Greville Tyndall Jones, 
the general works manager of the Clarence blast furnaces 
and steel works of Messrs. Bell Brothers, Limited, and 
Dorman, Long and Co., Limited. Mr. Jones was born 
in 1864, at Rhymney. When a youth, he entered the 
offices of the Rhymney steel works and rose to the position 
of assistant Bessemer manager, and subsequently to 
that of manager of the works. After a short period spent 
in the offices of his uncle, a mining engineer in London, 
Mr. Jones went to the Clarence Works, Middlesbrou h, 
in 1891, to conduct experiments with a new plant. is 
services were ultimately retained by ssrs. Bell 
Brothers, who had ascertained his capabilities, and he 
soon after was appointed to the aforesaid position with 
them. Although of a very unassuming disposition, 
Mr. Jones was a most competent metallurgist, as any 
visitor to the meetings of the Iron and Steel Institute 
could easily ascertain. He became a member of that 
Institute in 1892, to which he contributed at different 
times papers on blast furnace practice; he also fre- 
quently took part in the discussions, and his remarks on 
blast furnaces, steel works and rolling mills were 
invariably of an eminently practical nature and carried 

t weight. Mr. Jones took a very keen interest in the 
“leveland Institute of Engineers, of which he was pd re 
president and member of Council. His name was added 
uite recently to the Commission of the Peace for the 
orough. His death, at the comparatively one age of 
54, is a great loss to his firm and to British me’ Urey as 
a whole. Sir Hugh Bell on many occasions, publicly 
testified to the value of his services. 
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A NATIONAL PROVING HOUSE AND 
STANDARDISING LABORATORY.* 


By Sm Ricuarp T. Guazesrook, C.B., D.Sc., F.R.S. 


The need of such an institution or institutions is, 
I think, generally admitted. I shall assume this in what 
T say to-day, and hope to show how the laboratory has 
endeavoured to fill this role in the past, and what may 
be its opportunities in the future. Let me commence 
with one or two general principles which seem to me 
essential to success. 

1. Standardisation and testing must, if they are to be 
of value, depend upon and be closely connected with 
research. 

2. While there must be the closest union between the 
testing authority and the trade concerned with the pro- 
duction of the goods to be certified, the authority should 
not be dependent on the trade for financial support, 











various kinds of thermometer connected ; do mercury 
thermometers and gas thermometers give the same 
results ? Is the glass of which an ordinary mercury 
thermometer is made of importance, or, again, to what 
extent is the length of a yard measure of brass or steel 
dependent on the temperature ? Can we find a‘material 
less sensitive to temperature changes than the platinum- 
iridium alloy of which the standard metre is made, and 
so on; the investigations necessary before we can 
standardise our yard measure have called for much 
research. But, again, what security have we that 
even if we keep the standard with the greatest care and 
make our comparisons under the most favourable 
conditions of temperature, its length is invariable. 
Is the metre the same length now as when it was first 
deposited at the Bureau des Poids et Mesures at Sevres ? 
To answer this question a research of great difficulty 
was carried out at Sevres by Michelson, when he com- 
pared the length of the metre with the wave-length of 
cael 
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and while the wishes of the trade as to the standard 
to be attained must be fully considered, the executive 
of the testing institution should be an independent 
authority. Testing must go hand in hand with research. 
For in the first place, research is necessary in order to 
set up the standards required. Take, for example our 
standards of length. The yard or the metre is the 
distance between two marks on certain standard bars 
very carefully preserved. They are both arbitrary 
standards it is true, and it is clearly of the greatest 
importance that they should be invariable. Do we 
know that this condition is secured, and, if so, how do 
we know it ? Materials certainly alter their dimensions 
with changing temperatures, and possibly also with 
time ; for standard work we must know the temperature 
at which we make our comparisons, and this need leads 
at once to the investigation of the methods of measuring 
temperature and of the amounts by which various 
materials change in size with changes of temperature. 
A wide field of investigation opens directly ; tempera- 
tures are measured by thermometers. How are the 











_,* A lecture delivered at the Royal Institution on 
Tuesday, March 5. The first lecture, entitled ‘‘ The 
National Industrial Research Laboratory,” delivered on 
February 26, was reprinted on page 252 of our last issue. 








light under certain specified conditions. There are 
cogent reasons for supposing that to be an invariable 
quantity. 

But, I may be asked, for practical purposes, do these 
minutize matter? Let me give an illustration. The yard 
is standard at 62° F., the metre at 32° F., and when we 
say that an inch is 2.54000 centimetres, it is implied 
that if you lay a 12-in. rule and a centimetre measure 
side by side, the rule being at 62° F., and the centimetre 
measure at 32° F., with their zero marks coincident, the 
inch mark on the rule will be opposite the mark 2.54000 
on the centimetre scale ; but if, as ordinarily would be 
the case, the centimetre scale is at 62° like the inch rule, 
its length will be greater than when standard and the 
inch mark will no longer fall opposite the division 2.5400, 
but will coincide with the 2°539 ——— the exact position 
depending the material of the scale. For stee] the change 
will amount to about two parts in 10,000. This, of course, 
is very small, but in certain 2-in. gauges used in thousands 
throughout the country, the tolerance originally allowed 


ie . . : 
WAS i599 in., while the difference due to this cause was 


on in., with the result that a number of gauges made | 


10,000 

originally by reference to metric units, failed to pass. 
Indeed, in all such fine work, research of high order 
of accuracy is necessary for success. 


At the laboratory during the past two years we have 
tested vast numbers of gauges, and the improvement in 
manufacture has been very marked ; this has only been 
reached by careful investigation into each cause of error 
by attention to small details, and by research into methods 
of measurement with a view to their simplification, so 
that they could be used in the workshop, and to improve- 
ment in accuracy, so that the results obtained were not 
vitiated by errors in the method of obtaining them. 

A visit to the gauge-testing room of the National 
Physical Laboratory (Figs. 1 and 2, Plate XXVI, and 
Figs. 5 to 8, Plate XX VII) will show anyone how closely 
research and standardization go together, how hopeless 
it would be to try to run a standardizing laboratory 
apart from research. 

Or, again, to take an example from another department 
of science. Ohms and volts and amperes are nowadays 
familiar words ; you measure the one with a Wheatstone 
bridge, or more probably with an ohmmeter; you read 
the volts in a voltmeter or an ammeter. 

But the definitions of these quantities are highly 
technical and scientific. An ampere is one-tenth of the 
current which, when circulating in a wire, one centimetre 
in length, bent into the form of an arc of a circle 1 centi- 
metre in radius exerts a force of 1 dyne on a unit magnetic 
pole at the centre of the circle. It is a long step from this 
to the ammeter which measures the current lighting the 
lecture room, and so, too, with the volt or ohm. 

Do you realise what research has been required before 
| our present practical system of making electrical measure - 
ments was evolved, and how much you owe to that 
research ? Compare the rate of advance of the electric 
motor and the steam-engine. The engine which, until 
lately, drove most of the dynamos used to supply electric 
power, differed from Watt's first condensing engine far 
less than do the dynamos and motor of to-day from the 
toy machine Faraday experimented with here. I say 
until lately, for the modern steam turbine has_ been 
developed by the careful application of scientific laws 
applied by Parsons. For long the growth of the steam- 
engine was due largely to a tria] and error process. Lord 
Kelvin used to point this out, and to urge the view that 
electrical science was based on a consistent standardised 
set of units, and this was one of the great factors which 
| had led to its rapid progress. 
| And so it is with all other subjects. The work of the 
| Engineering Standards Committee has been of untold 
| advantage to the country. At every step of that work 
the Committees have kept in close touch with scientific 
| principles, and researches of the most varied character 
ave been carried out, and are being carried out now, 
| with a view to determine what standards to set up, 
| what tests to prescribe. 

Nor is it enough to say that much of this has been done 
and need not be carried further ; the principles on which 
ammeters and voltmeters are made have been thoroughly 
investigated, the optical laws with which telescopes and 
lenses must comply are well known, lay down your tests 
and specifications and train observers, analysts and 
testers to enforce them, and you have done all. 

Stagnation and death, not life and progress, lie that 
way. It is not our object merely to apply with rigid 
fairness the laws laid down and to be pleased rather than 
otherwise, like the mythical examiner, when we plough 
every sample. The standards set must be reasonable, 
but they must tend to raise the quality of the product 
tested. Recurring defects must be watched and investi- 
gated, and the tests modified to prevent them; you 
must gain the confidence of the manufacturer and lead 
him to realise you are out to help him, and that you really 
know something, probably more than he does, of the 
strength and weakness of,his goods. Nearly all English- 
men are anxious to maintain the reputation of their 
country, and welcome fair tests which show up bad work 
and make for its improvement. Our statistics show the 
improvement that is produced by tests properly carried 
out. 

So much then for my first contention that research 
and standardisation must go hand in hand; the truth 
of the second, that the testing authority should be inde- 
pendent of the manufacturer, is, I think, obvious. It is 
necessary to give confidence. A certificate has but little 
value, even if it states the truth, and nothing but the 
truth, unless it comes from an absolutely impartial source. 
If I bear witness of myself, my witness is nothing. To 
the old customers of a well-established firm, the assur- 
ance of the firm is sufficient ; a stranger looks for some 
independent evidence before he accepts as true all the 
claims made by the man who desires to sell his latest 
production as something far superior to all else on the 
market. Impartiality is the first attribute of justice, 
and the suspicion that the Judge may be — by 
something besides the strict merits of the case is fatal. 

And again, it is necessary for the good of the manu- 
facturer. False praise is dangerous to the recipient. The 
man who relies on the verdict of a too-friendly critic may 
easily fail to maintain the high quality of his products and 
find himself outstripped by one who has been spurred 
to efforts by fair end jedieloun criticism. 

A testing laboratory controlled by an Association of 
Manufacturers for the advancement of their trade is of 
much less value, both to them and to the country, than 
one in which the ultimate decisions rest with an inde- 
pendent authority. Of course, the standards to be worked 
to must be dete?mined in closest co-operation with the 
trade. No specification is ever adopted by the Engineer- 
ing Standards Committee until it has been fully discussed 
at meetings at which the trade is fully represented ; in 
no case is the decision as to whether an article comes up 
to the standard left to such a meeting, and this has 
had an important bearing on its success. At the labora- 
| tory we have Advisory Committees on various matters. 
| Executive powers rest with the Executive Committee or 
with the Director acting under the instructions of that 
' 
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Committee. He signs all the certificates, and is respon- 
sible only to the Committee, and this seems to me the 
proper plan. 

‘urning now to the actual test work. I am not sure 
whether the number and variety of our tests at the 
laboratory are recognised. The numbers dealt with are, 
in some instances, very large. 

Let me describe the procedure in a few typical cases. 

Meteorological and clinical thermometers were tested 
at Kew many years before the laboratory was founded, 
and in those days science and industry owed much to the 
pioneer work done there ; the number of instruments now 
dealt with has greatly increased, and while the apparatus 
has been "oo and modernised, the principles remain 
the same. Clinical thermometers afford good evidence of 
the need for testing. Before the war, they were sent in 
considerable numbers, and the makers had become so 
efficient that the rejections averaged about 0.8 per cent. 
The war came with its consequent enormous demand. 
Skilled workmen were scarce ; it was thought that to 
continue to insist on our tests would be to check pro- 
duction, and many were taken into service untested. 
After a time it was realised that many of these were 
seriously in error, and the practice of testing sample 
lots was introduced. The failures had run up to 18, 20 
and even 25 per cent. The supply was taken over by 
the Ministry of Munitions, and makers were told that all 
their goods must s the laboratory test before accept- 
ance, and that those which failed would be broken at 
Teddington. The numbers have risen to 97,000 in the past 
nine months, involving additional apparatus and staff ; 
the work is now done largely by women ; failures have 
fallen to under 1 per cent. (Fig. 12, Plate XXVIII, and 
Fig. 13, page 293). 

eteorological thermometers, though far fewer in 
number, are dealt with in much the same way. The 
thermometers are placed side by side in a cylindrical 
cage, which also carries a number of the laboratory 
standards. The cage is placed in a water bath so that 
the thermometers are totally immersed, and by suitable 
mechanism they can be brought in turn opposite a long 
glass window in the side of the bath and the temperature 
reading recorded. The bath forms one arm of a tube, 
which is also connected at the top ; the other limb 
of the tube contains a stirrer worked by an endless cord 
driven by a motor and also a number of insulated 
resistance heating units of Eureka wire, or some similar 
material. By regulating the current through these 
units the temperature of the bath can be varied or 
maintained at any required value. 

Starting from the position in which the standard is 

posite the window (Fig. 12), the cage is rotated and the 
thermometers are read in turn. The action is reversed 
and the readings taken a second time in the opposite 
order: if the time occupied by each reading be about 
the same and the temperature be either steady or rising 
uniformly, the mean of each pair of readings should give 
the temperature of the bath—apart from errors of 
observation at the same instant of time—and the results 
be all comparable. The standards have, of course, 
been cérefully calibrated ; thus the errors of the ther- 
mometers are determined. The tests are all made with 
a slightly rising temperature. 

The tests made on precision thermometers of various 
ranges are, of course, more elaborate and the accuracy 
required much higher. Pyrometers, again, form a 
numerous class of instruments ; in their case, for the 
lower temperature, a fixed point scale, settled in consul- 
tation with the Bureau of Standards, is employed; while 
from 1,000 deg. to 1,500 deg., or thereabouts, we depend 
on calibrated thermo-junctions of platinum and platinum- 
rhodium or platinum-iridium. For higher temperatures, 
again, the scale founded on the radiation laws is 
employed. 

The amount of research and investigation necessary 
to maintain these standards is clearly very great: it 
might have been alluded to earlier when discussing the 
relation between research and standardisation. 

As another illustration I will take the optical tests. 
All telescopes and optical instruments required for 
naval use are examined at the laboratory (Figs. 9 and 10, 
Plate XXVIII). In the case of new requirements, discus- 
sion takes place between naval officers and the laboratory 
representatives, and a draft specification prepared. Instru- 
ments made to conform to this are tested, and such 
modifications introduced as the results of the tests 
indicate. After a definite specification is agreed upon, 
the telescopes come in the course of normal procedure 
for test, and are accepted on the results of these tests. 
But in addition to these tests, there is much work on 
the determination of refractive indices and the measure- 
ment of optical constants (Fig. 11, Plate XXVIII), while 
attention is given to the improvement and development 
of existing instruments. 

The testing of gauges for munitions has occupied much 
time and is of great importance. In August, 1916, we 
were asked as an emergency matter to test a limited 
number of gauges. The work has grown enormously, 
and occupies a large staff, whe have developed novel 
methods of test permitting the highest accuracy and 
great expedition (Figs. 5 to 8, Plate XX VII) 

I might thus pass in review many other branches of 
our work. Electrical standards requiring the highest 
exactness are examined in the standards division. 
Another department deals with the magnetic properties 
of iron, and with the inductances and capacities used 
in wireless work, while the Electrotechnics Division 
handles very large numbers of wattmeters, ammeters 
and voltmeters. 

And now, having given some indication of the test 
work at the laboratory, and of the method of procedure, 
let us turn to the future. Is the work of value, if so, 
what steps have been taken to make it of more value 
still, to increase its range and to widen its influence ? 


Are further steps desirable, and, if so, what should they 
be. 


Its value is, I think, recognised ; the recent growth 
in many branches of our work, besides that of testing 
gauges for engineers, is evidence of this; the proposals 
to establish standardising laboratories in various centres 
of industry point in the same direction. Engineers are 
coming to recognise more and more the importance of 
interchangeability, the advantage of working to limits, 
the gain in producing power—combined, I fear, with 
deadly dulness in much of the work—secured by the 
standardisation of parts. 

And here, I think, a word of caution is necessary. 
Local standardising institutions are desirable in certain 
eases ; local standards are most undesirable. I am not 
sure how many wire gauges used in the sale and purchase 
of wire and thin metal sheets there are. There is a risk, 
I fear, that the establishment of Jocal testing laboratories 
unless care is taken to connect them with some central 
institution responsible for maintaining their standards 
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question, and are now prepared to offer large supplies, 
and a scheme has been arranged for its standardisation 
and the issue of certificates. This is the outcome of 
discussions at a committee on which were representatives 
of the department, the manufacturers, the users and 
the laboratory. The limits of error for the various 
classes of articles have been provisionally fixed, and 
a schedule of fees settled which the makers think reason- 
able, and which it is hoped, will in time enable the work 
to be carried on without loss. For the present, a house 
has been secured at Teddington and is being equipped, 
in which the testing can for the time go on—a certain 
amount of this class of work has always been carried 
out at the laboratory. Additional buildings are to be 
erected and the scheme put on a permanent footing. 
The quantity of the various articles is very large, and 
it is not necessary that all should be tested to the same 
limits of accuracy, nor would it be at all possible to send 
them all to the laboratory. This —— will be met 
by having two classes of goods treated differently. For 
work of the highest accuracy it is necessary that the 
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anomalies. There is already, as many of us know, a 
standard inch and an “ Enfield” inch ; we do not want 
Manchester, Leeds and Birmingham inches. 

Transit is easy and the delay involved in sending 
goods to a central institution need not be great; the 
uniformity of results secured in this manner is worth | 
much. Where this cannot be done there should be some | 
organisation devised to keep the standards employed in | 
all parts of the country alike within agreed limits, and | 
to maintain this connection with the results of research. 

The National Physical Laboratory has, as explained | 
last week, come under new control so far as its finance is | 
concerned, and the Advisory Council of the Department 
of Scientific and Industrial Research fully recognise the 
importance of this standardising work so, too, does the | 
Optical Munitions Department of the Ministry of Muni- | 
tions, which is responsible for the supply of instruments | 
of many kinds for military and naval purposes. | 
Accordingly, steps have been taken to increase con- | 
siderably the facilities at the laboratory for many of the | 
tests required. The increase in the number of clinical | 
thermometers has already been mentioned. Tests on | 
optical instruments of all kinds are growing, and steps 
have been taken to add to the staff, and improve the | 
facilities for handling these. | 

The quantity of glassware used in chemical labora- | 
tories throughout the country is enormous. In pre-war | 
days this was almost all of German manufacture, and | 
much came into the country with Reichsanstalt certifi- | 








cates. English manufacturers have taken up the 
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Fie. 14. GENERAL PLAN OF LABORATORY. 


articles should be sent to Teddington and be tested 
individually. Those that pass the tests will constitute 
Class A, and will receive the laboratory mark. The 
vast majority will be dealt with at local centres organised 
by the laboratory and manned, at least so far as the 
more responsible positions go, by members of the 
laboratory staff. These centres will, in some cases, be 
at the large works, in others it is hoped to interest the 
local universities or technical colleges. At the head of 
each will be the National Physical Laboratory inspector, 
who will be free to visit the works, inspect the methods 
of manufacture, and select for test from each batch such 
articles as he thinks fit. So long as the methods remain 
satisfactory and the goods come up to standard the firm 
will be licensed to mark the articles in some distinctive 
way. : 

In addition to the volumetric tests of capacity it is 
hoped to include tests for the resistance of the material 
to chemical reagents. These will be carried out at 
Teddington on specimens sent by the inspector. A 
collecting station for the goods is to be established in 
London, and arrangements made for rapid transport 
between the laboratory and the main railway station. 
A fee will be charged for each article tested at the 
laboratory. In the case of the articles inspected or tested 
in bulk, it is proposed to cover expenses by a royalty 
reckoned on the numbers produced, which would be 
charged for permission to use the trade mark. 

Such a scheme it is clear requires the cordial co- 
operation of the makers and the inspecting authority. 
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This we have already been promised, and while the 
conditions of test and the limits permissible are settled 
after consultation with the manufacturers, the enforce- 
ment of those conditions and the on ag to refuse the 
licence rests with an independent body. Such a plan 
it seems to me is far preferable to the alternative under 
which an association of the manufacturers would run 
their own testing laboratory. 

A similar scheme is clearly applicable to other indus- 
tries. For engineering work the standards of the 
Engineering Standards Committee are mostly adopted. 
The laboratory holds the standard screw gauges of the 
committee, as well as the rail templates and other similar 
standards. Some organisation whereby standards 
employed locally for testing purposes are controlled by 
the laboratory and kept in close correspondence with 
those at Teddington ought not to be difficult to devise, 
and would secure much of what is needed, though with 
screw gauges at present dentity of the method of testing 
rather than of the standard of comparison is what is 
difficult to secure. 

Or, again, with electrical instruments, supply meters, 
ammeters, voltmeters and the like can be, and are, sent 
to the laboratory, and where high accuracy is required 
this must be done. Very large sums depend now on the 
measurement of the energy supplied from central stations 
to big works, tramway systems, collieries and other large 
installations, and high accuracy is needed. This, too, is 
true in the case of acceptance tests of large machinery. 
The necessary accuracy can only be obtained in a 
properly-equipped laboratory and, indeed, in the case 
of meters, an individual test is always necessary, but 
where the type has been tested and approved, the 
individual tests could be carried out by inspectors at 
the works, or at some convenient local institution. And 
there are many pieces of apparatus and smal] plant which 
could be dealt with in a similar manner to the chemical 
glassware. 

The Engineering Standards Committee have specified 
the performance tests for motors and dynamos requisite 
before the term “ British Standard ” can be applied to 
them. It is clearly impossible to expect that every 
smal] motor should have been put through these tests. 
It would be quite simple to arrange that some limited 
number of the type were tested out at the National 
Physical Laboratory, that steps were taken by inspection 
and occasional tests to secure that in subsequent pro- 
duction the same standard was attained, and so long as 
this was done to licence the manufacturer to put the 
Engineering Standards Committee mark on his machine 
and call it a British standard machine. 

-And the process can be extended to other electrical 
products; it has already been suggested for lamps, 
and four years ago I had good hopes that some action of 
the kind would be taken—1914 stopped it for the time. 
1 would urge that now is the time to develop a scheme 
of,the kind, so that we may be ready when once more 
peace reigns on earth among men of goodwill. 

The scheme is a large one, one that as director I 
cannot hope to see fully developed. It is enough, 
perhaps for me to have indicated how the laboratory 
may grow, both as a National Research Laboratory and 
a National Proving House and Standardising Laboratory. 
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Figs. 1 and 2, on Plate X XVI, illustrate the new building for 
Gauge Testing which was opened in May, 1917. Like most of 
the buildings of the Laboratory it makes no pretension to archi- 
tectural distinction, but is well adapted for the purpose, well 
equipped with novel machinery designed and made in the 
Laboratory. The dimensions of the building, which is partly of 
two storeys, are 150 ft. by 40 ft. 

Fig. % shows the shed of the Road Car Laboratory, and the 
road-michine revolving on the experimental track. The track 
is laid in a ring trough, 2} ft. wide, mean diameter 34 ft.; the 
wheels of the heavy spider are so mounted at slightly different 
ratial distances that they travel in partly overlapping circular 
orbits, which cover the full track width. The tests for attritions, 
abrasion, cementation, <c., are continued under varying con- 
ditions of temperature and moisture. 

In Fig. 4 a spectrometer is being tested. The instrument 
rests on a strong tripod on levelling screws and on a divided arc. 
Rays of light are admitted through the one slit seen in the colli- 
mator on the left and a comparison source of light is placed in 
front of the other. 

Various gauge-testing devices are illustrated in Figs. 5 to &, 
on Plate X XVII. In Fig. 5 plain ring gauges are being examined ; 
if the hardened steel plugs and the bar between them do not 
represent the accurate length of the diameter, small Johansson 
gauges, each exact in itself and in combination, are fitted in 
between. Plain plug gauges are tested in Fig. 6. A standard 
plug is first fitted in between the upver vertical plunger which 
is pressed down by a spring, and the lower seating; the zero 
position is thus ascertained; the standard is then replaced by 
the test specimen, and the lowering or raising of the plunger is 
magnified by the pointer moving over the scale. The observer 
in Fig. 7 measures the pitch of one of the screw gauges, several 
of which are lying on the table; the spherical bail (the feeler) 
projecting from the frame, moves from thread to thread, followed 
by the micrometer. Fig. 8 shows an optical projector for screw 
g°uges; a vertical beam of light graves the screw from below, 
falls on a mirror near the ceiling, and is reflected back so that 
the shadow profile of the thread is thrown on the desk where the 
observer can measure it with the aid of a shadow protractor. 

‘ Figs. 9, 10 and 11, on Plate XXVIII, refer to optical tests. 
Teleseopes are being tested in Fig. 9, the observer examining 
through his test instrument, either the distinctness of a scale 
at the end of his collimator, or test marks fixed to the Tank 
building opposite the Optical Department, or scales mounted 
further away in the meadows of Bushy Park; the man at the 
window is doing the latter. Fiz. 10 exemplifies sextant testing. 
The sextant is placed on a pillar in the centre of the bench, 
a semicircle of iron, through the supporting pillars of which hot 
or cold water circulates ; collimators are mounted on the bench 
at accurately determined angles. The optical glass testing, in 
which the observer in Fig. 11 is engaged, requires the aid of 
electric discharge tubes for producing spectra distinguished by 
lines of well-known wave-lengths and other apparatus. 

hermometer testing is illustrated in Fig, 12, on Plate X XVIII, 
and Fig. 13, page 203. Fig. 12, finally, on page 294, is a 
general plan of the buildings; Busby Park is on the right of 
the diagram. 





FERRO-CONCRETE SHIPS.* 


By T. J. Guerrrte, Ing.E.C.P., M.Soc.Ing.Civ. (France), 
Councillor of the French Board of Trade. 

To judge by the surprise evinced in the daily papers 
when the first reports were published a few months ago 
of the great impetus given by the war to ferro-concrete 
shipbuilding activities, one might have imagined that 
there was something startlingly new in the idea, and 
much nonsense was printed at the time, under big head- 
lines. And still the last few years have merely seen the 
development of activities dating from many years back. 
It is, in fact, a curious coincidence that it was the 
author’s privilege to deliver a paper entitled ‘ Ferro- 
Concrete as applied to Floating Structures ” in the year 
1908 before one of the Newcastle building trades associa- 
tions, the matter of which formed the basis of many of the 
articles which were published on the subject during the 
last few months. The conclusions of that paper ran as 
follow: ‘The particulars and illustrations, given seem 
sufficient to indicate that ferro-concrete has to be taken 
into account as a shipbuilding material, owing to its 
small initial cost and the absence of upkeep. The author 
is far from thinking that super-dreadnoughts are likely 
to be built in ferro-concrete, at any rate for the present ; 
but in smaller and commercial craft and for special 
purposes, he is convinced that it will be used more and 
more. The question of weight is not so paramount as it 
may seem at first when to the weight of the hull is added 
that of all fittings and cargo, which remain the same 
both for ferro-concrete and for steel ships.’”” The recent 
strides made in this mode of construction seem to justify 
those prognostics. 

So much has been written lately on the general 
principles and history of ferro-concrete as applied to 
shipbuilding that it seems unnecessary to recite once 
more these facts, and it is proposed therefore to enter 
at once into more precise details. 


I.—MATERIAL OF CONSTRUCTION. 


This is evidently a fundamental question, and we shall 
consider in turn the two components of a ferro-concrete 
hull, viz., concrete and steel. 

(a) The concrete employed must be non-porous, so as 
to prevent leaking and the steel being attacked by sea 
water ; it must also be strong so as to resist the heavy 
compressive stresses to which, in parts, it is submitted, 
and it should be as light as possible. The last-named 
condition is unfortunately difficult to fulfil at the same 
time as the other two, and the latter are of greater 
importance. Light aggregates such as pumice stone, 
ashes, coke breeze, which are used in land work for 
making light concrete, are too porous; they would 
absorb a large weight of water and would give too weak 
a concrete; they cannot be utilised for ships. Clean 
shingle, of a flinty nature, is a suitable material, and 
would give a concrete slightly lighter in weight than 
crushed granite or whinstone. Gravel originating from 
sandstone must be subject to careful scrutiny before 
being allowed for ship construction as it is sometimes of 
a somewhat porous and friable nature and might prove 
a source of weakness both as regards porosity and 
crushing strength. Crushed granite, and, generally 
speaking, crushed stone of a hard and impervious nature, 
are perhaps to be given the preference, notwithstanding 
their somewhat heavier weight. The same physical 
qualities are essential for the sand. Of the cement itself, 
little need be said, years of experience have proved that 
if it is up to British Standard Specification it will prove 
suitable for sea work. 

With such constituents and it being understood that 
fresh water only should be used both for making the 
concrete and washing the aggregate if necessary, a 
suitable concrete will be made if proper proportions are 
adopted and the materials are properly mixed. In 
determining proportions great care should be taken that 
the aggregate be properly graded, that is, it should 
contain stones of various sizes, the smaller ones helping 
to fill the voids between the larger, and the same applies 
to the sand, which should be a mixture of sharp particles 
and of finer sand going down almost to dust. The 
proportions of voids both in the aggregate and in the 
sand should be carefully determined, and there should be 
a good excess of cement paste over the quantity strictly 
required to fill the voids in the sand, and similarly a good 
excess of mortar (i.e., sand and cement paste) over that 
required to fill the voids in the aggregate. As previously 
mentioned, crushed stone will be used often as an 
aggregate, and it so happens, that it contains as a rule a 
considerably greater proportion of voids than shingle, 
and this may result in porousness in the concrete unless 
proper attention is paid. This question of voids and of 
porousness is of very great importance, but forms in 
itself a vast subject. The author had the opportunity 
of reading a paper quite recently before the Society of 
Engineers on this subject, to which he would refer those 
interested ; but it appears to him that its importance 
is such that it should be particularly emphasised to-night 
when dealing with concrete for ship construction. 

From practical considerations the author does not 
deem it advisable to allow for a lesser thickness of concrete 
than 3 in. for the sides and bottom of a vessel, — 
in specia] circumstances, and however much one might 
like to see it reduced so as to lighten the structure. 
The figure of 2.8 in. is mentioned as a minimum in the 

reliminary rules for ferro-concrete ships issued by the 
Danish Government, but except for very small craft 
3 in. will prove in practice to be the minimum. The 
scantlings of frames, stringers, &c., are also reduced as 
much as possible owing to the same desire to reduce the 





* Paper read at the North-East Coast Institution of 
Engineers and Shipbuilders, Newcastle-upon-Tyne, 
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weight, and the thickness may be taken at 2} in. and even 
lese in some cases, but great care will have to be exercised 
to insure proper covering of the bars by the concrete and 
proper bond between them. It is therefore necessary to 
use an aggregate of small size, which will be worked 
easily in so restricted a space and among a comparatively 

at number of steel rods. Some engineers went as 
ar as to suggest the total abandonment of aggregate, 
and the replacement of concrete by a mere sand and 
cement mortar. But the method has been proved to be 
unsatisfactory in ordinary ferro-concrete work, and the 
same would apply to ship construction. A happy 
medium is to be recommended, and the author’s m 
have ultimately adopted the following mixture for their 
designs :— 

Aggregate, being a well-graded mixture of stones from 
§ in. size down to } in., and free from sand, 27 cub. ft. 
Sand, from } in. downward, the grains being also of well- 
graded sizes, 13} cub. ft. Cement, 8} cwt. Such a 
concrete may be termed a 1.6:2:4 concrete. The 
above proportions apply as long as the percentage of 
voids in the aggregate does not exceed 50 per cent. 
If it exceeds 50 per cent. a corresponding quantity of 
sand and cement is added. It has been Aa mica | by 
various engineers that a much poorer concrete might be 
used with safety, say, a 1: 2:4 or 1.2: 2: 4 concrete, 
if a good rich rendering were applied later on the external 
surface of the sides and bottoms. But such a rendering 
would be extremely difficult to make properly, especially 
when nearing the bow and stern, and with the hard wear 
and tear to which ships are submitted it would soon come 
away in patches. 

In order to obviate the difficulty of making a proper 
rendering other engineers have suggested to use a com- 
paratively poor concrete, say, 1:2:4 or 1.2:2:4 for 
the inner 2 in. or 3 in. of the walls and bottom and to place 
carefully at the same time in the mould a rich mortar 
(1 of cement and 1 of sand) to form the external inch. 
The author’s experience leads him to deprecate the 
juxtaposition of two concretes of so different a richness 
in cement, and unless supervision of the most constant 
and strict nature is exercised during erection he doubts 
the efficacy of the method. All told it seems decidedly 
better to adopt a uniformly rich mixture, such as 
mentioned above, which will give a very good face to the 
concrete when the moulds are struck off, prove quite 
impervious, afford a high crushing strength, and be easily 
worked into the moulds. 

(6) Steel—_We turn now to the other component 
element of the structure, viz., the steel. The general 
tendency in ferro-concrete practice has been to utilise 
as reinforcing material mild steel in the form of ordinary 
round bars, with an ultimate tensile strength of from 
28 tons to 32 tons per square inch, an elastic limit 
varying from 30,000 lb. to 40,000 Ib. per square inch, 
and an elongation of at least 20 per cent. on a length 
of eight times the diameter. Such steel was used in the 
construction of most of the numerous river and canal 
barges and pontoons built in ferro-concrete during the 
last fifteen years, and it was natural to look to the same 
material again, when great impetus was given lately 
to the construction of sea craft in ferro-concrete by the 
difficulty of procuring all the steel plates required for 
commercial craft. Mild steel was therefore used and 
will be used in many ships notwithstanding the difficulty 
one meets in obtaining it at present. Shell discard 
steel has been put forward as a substitute, mostly with 
the object of avoiding the use of mild steel, seeing that 
it is more easily obtainable than the latter at present, but 
not owing to its special bn oases properties. For the 
present, apparently, Lloyd’s Register are not prepared 
to sanction its use. One of their surveyors, Mr. Bernard 
J. Ives, has stated that, “ As the ferro-concrete ship is 
only in its experimental stage and as practically no 
experience has Goon obtained so far from actual seagoing 
conditions, a wise precaution at the present time is to 
eliminate any doubtful factors, and the steel should 
therefore be of the quality used in ordinary shipbuilding 
work.” 

It is a question, however, whether the disadvantages 
attaching to the use of shell discard steel, if one looks 
at the question from the usual standpoint of steel ship 
construction, would not be more than compensated by 
certain advantages it would present from a ferro-concrete 
point of view. These advantages are somewhat similar 
to those attaching to the use of a special quality of steel, 
which the Author’s firm, after careful consideration of 
the matter during the last two years, are now specifying 
for ferro-concrete ship construction. It may be stated 
at the outset that the problems of ferro-concrete con- 
struction as applied to naval architecture are very differ- 
ent from its problems as applied to land work. Firstly, 
and for obvious reasons, it-is desirable to reduce the 
weight of the hull, and consequently of all the scantlings 
as much as ever possible, consistent with good work. 
It becomes, therefore, of great interest to use for the 
reinforcement steel possessing a higher elastic limit 
than mild steel, the elastic limit being an all-important 
factor in ferro-concrete work. Not only does this ob- 
viously tend to reduce the weight of steel required and 
consequently the weight of the hull, but also the same 
cover of concrete over the reinforcing rods can be main- 
tained while reducing the thickness of the members by 
the same amount as the diameters of the high elastic 
limit steel rods are smaller than those of the mild steel 
bars which would otherwise be used, thus securing an 
indirect but very important saving in the weight of the 
hull. 

A second point which deserves very careful considera- 
tionis that of the transmission of the stresses in the steel 
from bar to bar. As is well known, in ferro-concrete 
construction the bars are not tied together, nor welded, 
nor connected by coupling boxes (except in very special 
circumstances). Stresses are transmitted from bar to 
bar through the agency of the adhesion grip of the 
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concrete surrounding them, the bars overlappi 
other. Their ends are usually fishtailed or hook 
a view to helping further the adhesion. In ordinary 
ferro-concrete work the mass of concrete surrounding 
the rods is comparatively large, and there is ample room 
for overlapping of the rods and for the hooks or fishtails, 
so that most of the experts in ferro-concrete consider 
it quite unnecessary to use bars with mechanical bond. 
In ship construction, as has been previously stated, 
scantlings are reduced to a minimum, and the bars bein 
very much closer together real difficulty is experience 
in finding room for overlaps of the length required if 
ordinary round rods are used, and also for hooks, es- 
pecially in longitudinal members. The problem is 
serious, and experiments carried out in France last year 
upon a river barge of 400 tons dead weight, which was 
purposely tested until rupture under load in the 
dry proved the ultimate failure to be due to the slipping 
of the longitudinal rods, consequent upon the insuffi- 
ciency of overlapping. It must be added that the 
overlaps were in fact considerably shorter than sound 
design would have required. But the indication given 
must not be neglected. It therefore becomes useful for 
ferro-concrete ship construction to adopt bars which 
present a greater adhesive power than ordinary round 
bars. Tests have proved that certain bars are obtain- 
able which have a grip 60 per cent. greater than that of 
ordinary rounds; their use will obviously reduce the 
amount of overlapping otherwise required. But such 
greater adhesion should not be obtained by the addition 
of sharp projections or ribs on the bars which might 
have a tendency to be the starting point of minute cracks 
in the concrete, and which, in addition, are useless from 
the point of view of the main stresses. In other words, 
the bond should be continuous, and should not entail 
an additional weight of steel. To sum up the question 
of the steel, the Author has found the nearest approach 
to what he considers the ideal steel reinforcement for 
shipbuilding work in bars manufactured from mild 
steel in accordance with British Standard Specification 
for structural steel, but which, owing to their special 
shape and the physical treatment they receive after 
rolling, acquire an elastic limit of over 50,000 Ibs. per 
square inch, present a satisfactory and continuous bond 
without sharp indentations or projections, and remain 
capable of cold bending round a bar of 1} times their 
diameter without injury. 

Shell discard steel, if of a somewhat unequal quality, 
a at least one of the desiderata, viz., high elastic 
imit. Dangerous as may be its use in the shape of 
girders or, more generally, structural steelwork, where 
stresses may be said to be extremely localised, it is felt 
that its use in the shape of numerous rods of small 
diameter scattered throughout the mass of a ferro- 
concrete structure does not present the same danger. 
It seems, therefore, that the question of its employment 
might be left open for further consideration, and the 
experience gained from the behaviour of the numerous 
ferro-concrete works in which it was used since 1915 
will be of great help in that direction. 


Il.—Systems or Construction. 


Having examined the constituting materials, one 
may now attempt to reply to the query: “* What are 
the various systems of construction?” They seem 
to fall under two headings—Plastered ships ; moulded 
ships. 

(a) Plastered Ships.—The first cost of a mould in which 
to cast a ferro-concrete ship, in a similar way as is gen- 
erally done for ordinary ferro-concrete work, is high, 
and it was natural that one should attempt to avoid 
using one. Many of the numerous river barges and 
pontoons built in Italy since 1902 consisted mostly of a 
steel mesh work set to shape and plastered on both 
sides with cement mortar, very much as a ceiling of a 
room ig plastered on a metallic lathing. Italians are 
very clever cement plasterers, and the method proved 
successful for small craft which are never strained 
heavily. Small motor boats or canoes have been built 
similarly in various countries, including, of course, the 
small pioneer rowing boat built in France in 1849 by 
Lamjot, and which has now become historical. When 
one comes, however, to heavier craft, and particularly 
seagoing craft, mesh work is found to be not practical 
for the arrangement of the main steel reinforcement ; 
the number of skilled plasterers able to do justice to such 
difficult work is very smal] at present ; and what is more 


important, plaster work of that kind does not give a 
concrete sufficiently strong to meet the stresses imposed 
upon it. The claims of the “cement gun” in that 


t do not appear as yet to be justified. The author 
is convinced that for all vessels of large size the mages 
method has to give way to the method of moulding an 
casting, and he is under the impression that it will not 
be sanctioned by at least one of the Registry Societies, 
in view of experience lately acquired in that direction. 

(b) Moulded Ships.—(1) In the first place, there should 
be a warning against the practice recommended by one 
or two American contractor; of building a sort of rigid 
metallic work—lattice girders forming the skeleton of all 
the frames, and also the skeleton of the sides, and 
encasing this metallic framework in concrete. The 
advantages claimed are simplicity and quickness of con- 
struction. It must be stated that analogous practice 
prevailed among a few designers in the early days of 
reinforced concrete construction, but it was ——* 
discarded in favour of the more scientific and efficient 
designs which have been in universal use for the last 
twenty years, ped pom of which is that the reinforce- 
ment is not a rigid frame by itself. The author considers 
that there would be no appreciable saving in time, and 
there are very serious defects inherent to the system. 
All ferro-concrete experts agree that the ideal design in 
ferro-concrete is that in which the reinforcing rods are 





individually as small as possible and as numerous as is 
practicable, so that the stresses be distributed to the 
extreme possible limit throughout the mass of ferro- 
concrete. The result is best attained by the use of small 
rods and links. It has been very properly stated by the 
most eminent authorities on ferro-concrete that it is a 
new material and not a mere juxtaposition of concrete 
and steel: it has, in fact, qualities and idiosyncracies 
of its own quite distinct from those of its constituent 
elements. If, however, the steel is concentrated in parts 
of the mass instead of being distributed throughout, the 
work thus obtained loses those peculiarities just referred 
to; fhe concrete will not lend its properties to the steel 
and borrow some from the latter in so complete a manner, 
and vice versa. In particular, the large cracks so charac- 
teristic of ordinary concrete work, and unknown in 
ferro-concrete, would tend to appear, and this would 
be a very serious defect in ships. The work would also 
lose the resilience and elasticity which is so striking a 
character of ferro-concrete. Another point is that a rigid 
framework of that kind, instead of being made of round 
bars, would require flat bars and small angles ; in fact, 
structural steelwork of the very kind that is most in 
demand to-day. It would also require the employment of 
steel workers of the very kind one wishes at the present 
time not to draw upon, seeing that all the steel work 
would have to be punched, bolted and riveted. Moreover, 
experience has shown that such a method of reinforce- 
ment is more wasteful in steel by 15 per cent. to 20 per 
cent. It has also been. found in practice that in rein- 
forced concrete work it is most advisable to avoid any 
sharp angles or corners in the steelwork, all such angles 
being potential starting points of cracks ; and that con- 
crete adheres less easily to comparatively large and flat 
surfaces such as presented by angle bars than to ordinary 
round bars. It may also be added that if, in order to 
avoid riveting, an attempt is made to use bolts, as the 
bolt holes will be greater diameter than the holes (so 
as to facilitate fitting up) there will remain throughout 
the framework an immense number of small recesses 
to which concrete will not have access; the steelwork 
will therefore not receive in those points the protection 
against corrosion which the concrete should afford it, 
and such points will be potential starting points of cor- 
rosion. For all those reasons, tempting as the idea may 
be at first to those not thoroughly accustomed to rein- 
forced concrete work, rigid framing has to give way to 
the usual non-rigid round bar skeleton reinforcement. 

(2) The Norwegian method of casting the boats upside 
down, launching them in that position, and letting the 
hull right itself in the water, has been profusely described 
and illustrated in the daily papers and magazines. The 
reason for that unusual procedure is stated to be a desire 
to avoid the use of double shuttering. But, as far as the 
deck and bottom are concerned, there is no more need for 
a double shuttering in the usual method than in the 
upside-down one, and as regards the sides there is as 
much need for it in one as in the other. It seems that 
the upside-down method has been used for very small 
vessels, 200 tons deadweight, but it is doubtful whether 
it is workable in the case of bigger craft, say, 1,000-ton 
or 2,000-ton boats, and the author is at a loss to see any 
advantages in it. 

(3) In the construction of river barges in France, the 
desire to reduce the cost of shuttering has led to certain 
constructors experimenting with pre-cast wall plates 
of the required dimensions to fill the rectangular spaces 
between frames and stringers. The frames and stringers 
are cast in situ, and the wall plates set in position between 
them so as to be incorporated into the structure during 
their concreting, the bond being given by the ends of the 
reinforcing bars of the plates, which protrude al] round, 
Although the results were said to be satisfactory (at first 
in any case) it is interesting to note that when the same 
contractors built larger river craft (600 tons and 1,000 
tons deadweight) they abandoned the slab principle and 
reverted to casting in situ. For seagoing craft, which are 
submitted to hogging and ing stresses, the author 
feels that the slabs would work loose, and further, the 
steel used in their construction, and which is in short 
lengths, would not be utilised for meeting the general 
stresses in such an efficient manner as it can be when 
the plates are monolithic with the frames and stringers. 
This mode of construction is therefore to be deprecated. 

(4) Another “‘ system ” is that in which timber moulds 


are dispensed with for the walls by using two sheets of 
metal lathing between which the concrete is poured. 
Some of it works through the mesh and forms knobs upon 


the two outer surfaces, which knobs in turn form anchor- 
age for plastering coats added later on. The objection 
against the use of plastering coats required to finish the 
surface has been stated before. Another drawback of 
this method is that concrete poured between two resilient 
sheets of meshing cannot be rammed or punned properly, 
and, in consequence, it is impossible to obtain a good, 
strong and impervious concrete. The advocates of this 
method, in fact, are said to recommend the addition of a 
waterproof coating, which the author has no doubt would 
indeed prove very necessary with such a method. 

(5) Reverting now to the normal and usual method 
of construction, it can hardly be divided into systems. 
A few patents have been taken in the matter, but they 
mostly bear on questions of detail; the general prin- 
ciples underlying all the designs are the same, and it is 
merely the experience and skill of designers which may 
differentiate the various types adopted. In that respect 
the author is fully in accord with the remarks made by 
Mr. A. T. Wall in the Engineering Supplement of The 


Times regarding the absolute necessity for close co- | 


operation in the design of ships between naval architects 
and ferro-concrete experts. e latter, or at any rate 
the broad-minded ones among them, fully recognize that 
the science of naval architecture and the practical ex- 
perience which is necessary when applying its principles, 








require years to be acquired ; and in the same way the 
extremely complex. problems of ferro-concrete design 
as applied to naval architecture can only be solved by the 
application of years of experience. Excellent results 
will be the fruit of close co-operation, and the attempt 
to work independently of each other has already resulted 
in a number of failures, and will continue to do so. 
Having thus reviewed the material and the method 
of construction of ferro-concrete ships, it is now necessary 
to inquire into the claims put forward by the advocates 
of such ships, and see whether they can be substantiated. 


ITl.—Sreep or Construction. 


One of these claims is a great speed of construction. 
It must be borne in mind that up to the time of writing 
the biggest units launched are barges of 1,000 tons dead- 
weight. For bigger tonnage no actual facts can be 
mentioned, but by inference experts may gauge pretty 
accurately the time required.- 

In the construction of a large number of 250 horse- 
power tugs now being built in France, the author was 
able to satisfy himself that two weeks were sufficient to 
erect the moulds (for repeat tugs; the erection of the 
first mould took somewhat longer) and place the steel in 
position. The process of concreting was occasionally 
carried out in 48 hours. All told, it is safe to say that 
in normal working the yard referred to completes a hull 
in three weeks. The tugs take water broadside on, and 
an average of three weeks is allowed for maturing. With 
the restricted amount of labour at present available, the 
said yard can turn out one of these tugs every week, 
but from explanations given to the author by the yard’s 
manager it is certain that two tugs could be completed 
every week in normal times. In another place the author 
has seen in what was four months before a bare field, two 
1,000 ton deadweight barges ready for launching, and 
several others following closely. Barges of that kind, 
or again, the hulls of small cargo steamers of 1,000 tons 
deadweight, may easily be turned out and launched at 
the rate of one every ten weeks from each slip in a well- 
organized yard. For obvious reasons it is impossible at 
the present time to give precise figures as to the actual 
speed of construction of bigger ferro-concrete craft. 
However, having discussed the programmes of con- 
struction both with British and with French contractors, 
the author considers that in regular working order the 
completion of the hull of 1,000 tons deadweight cargoes 
would take about 14} months from start to finish. That 
of 2,000 tons 2 months. A 3,000 tons cargo would re- 
quire 2} months, and a 5,000 tons about 4} months. 
The time required for the fitting of machinery, &c., 
would be practically identical for such ships and for 
steel ships, so that from the above figures the total time 
required to complete the ship may be deduced. It will 
be understood that from 3 to 5 weeks has to be added 
to allow for the maturing of the concrete. In ordinary 
land work one considers generally that a test load may 
be imposed upon a new floor 5 or 6 weeks after its 
completion. ut the concrete used in that case is not 
so rich in cement as for ships, and the richer the concrete 
the quicker the required strength is attained. It might 
be possible to utilise that period for partly fitting up the 
ship instead of waiting until she is afloat, so that the 
maturing period would not be lost altogether. 


IV.—Ease AND SPEED oF REPAIRs. 


This question of speed in construction leads us to 
another important consideration, viz., the ease and speed 
with which ferro-concrete ships may be repaired. Ferro- 
concrete has been proved to withstand damage to a 
remarkable extent. One need only refer briefly to its 
excellent behaviour during the earthquakes, during 
subsidence of foundations, &c. This is due to the 
monolithic character of the work and its great cohesion. 
The following example will give a clear idea of the pos- 
sibilities of ferro-concrete in that respect. In 1909, 
a monolithic building was erected from Messrs. Mouchel 
& Partners’ designs at Northwich, a district famous 
for appalling subsidences due to the extraction of brine 
from the lower strata. The building, boxlike fashion, 
rested on 20 foundation piers, but without connection 
with them, and it was arranged that the piers should be 
kept under observation, so that if any showed signs of 
subsidence packing should be inserted and the building 
jacked up. In December, 1915, signs of subsidence 
were detected, and a joint inspection was made by the 
Surveyor of the Northwich Salt Compensation Board 
and the author, when the almost incredible fact was 
revealed that out of the 20 piers 12 had subsided and 
parted with the superstructure, the latter remaining 
supported on eight piers only. Enormous strains must 
have developed in the portions of the building thus 
transformed into big cantilevers, but the Report stated 
that “thorough inspection of the whole building, with 
special attention to mainbeams, secondary beams and 
ceilings failed to reveal any trace of weakness or strain. 
Such is the resiliency, the power of accommodation to 
new circumstances, of ferro-concrete. Again, in 1907 
an 8,000-ton steamer crashed into a ferro-concrete Jetty 
in the river Thames. The engineer, Mr. C. S. Meik, 
M.Inst.C.E., stated at the time that if the jetty had been 
a timber one, the steamer must have gone right through 
it. As it was, the only damage was the destruction of 
few piles and about 20 square feet of decking. It must 
be understood that damage to ferro-concrete work is 
always of a most localised nature. At the time of the 
great explosion at Silvertown in January, 1917, 4 steel 
girder weighing nearly one ton was blown up and fell 
headlong upon a ferro-concrete wharf some 50 yards 
away. It went through a panel of the decking, but the 
hole made was hardly more than 1 foot by 2 feet, 
the adjoining beams not suffering in the slightest; 
the damage was therefore insignificant and most 
easily repaired. This localisation of damage, which is 
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extremely impoitant in ship construction, is borne out 
by observation of the effects of shell fire on ferro-concrete. 
On the western front a ferro-concrete water tower 52 
feet high formed for a long time a convenient observation 
post for the Germans and a prominent target for our 
guns. When in March, 1917, the Germans proceeded 
with their so-called “ victorious retirement,” they took 
good care to bring down the tower by dynamiting its 
legs, the tank proper falling from its full height to the 
ground. But according to written statements, the 
shells which had struck the tank merely made circular 
holes through the sides and bottom, and the fall to the 
ground caused only local cracks. After small repairs, 
the tank could be used either on the ground or jacked 
up gradually to its original position. 

Such local damage as may occur in ferro-concrete ships 
will be most easily repaired, the hole being blocked up 
by providing a small timber shuttering and filling the 
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a few strengthening bars. By using a very rich mixture 
of concrete, the patch will be able to stand the water 
pressure in a couple of days or even less, and if need 
be, one may not remove the shuttering before putting to 
sea again, for further safety. Such a repair may even 
be carried out under water. Cementing or concreting 
repairs to quay walls or jetties under water are by no 
means processes unknown to civil engineers. 

In December last the author had the good fortune (if 
he may put it that way) to inspect a 1,000-ton barge 
which a couple of days previously had suffered damage 
during a faulty launching ; it had been repaired as ex- 
plained above, and was then afloat and in excellent 
condition. Several instances of damage to river or 
canal barges in use abroad have been recorded, pointing 
all to the same conclusion, and all investigators seem 
agreed that repairs to ferro-concrete ships will be quicker 
and much cheaper than to steel vessels. Alterations to 
the design in course of erection, or while the ship is in 
Service, are quite easy. The author has witnessed in 
France a fairly sweeping alteration in the position and 
arrangement of hetdheuee and companions in a vessel 
nearing completion, which confirms this statement. 
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V.—LasTING QUALITIES OF FeERRO-CONORETE VESSELS. 


Views on that aspect of the question are difficult to 
express, for the reason that experience has not yet been 
obtained regarding their behaviour at sea over long 
periods. Most probably steel shipbuilders found them- 
selves in the same predicament when steel was first put 
forward as a substitute for timber. Let us also proceed 
by inference. We know that ferro-concrete on land is a 
most permanent material, requiring no upkeep, no paint- 
ing, and increasing in strength with age. We know that 
the same applies to ferro-concrete sea work or tidal work, 
jetties, quays, &c., when properly designed and carried 
out. There may have been a few cases (very few indeed 
in proporton to the number of sucessful works) in which 
defects developed. But in those cases the defect can 
always be traced to causes which do not affect the prin- 
ciple of ferro-concrete, and could have been avoided by 
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taking due care. The author has read practically every 
attack made upon ferro-concrete and its lasting pro- 
perties, but up to the present he has not seen one that 
was vital. Local examples being always of special 
interest, one may properly refer here to a ferro-concrete 
jetty built in 1901 at the C.W.S. works, Dunston-on- 
Tyne, with a rise and fall of tide of 15 feet, and which 
is in absolutely perfect condition, although it is now 
submitted to much greater shocks than was anticipated 
owing to the increased tonnage of vessels accomm 

We know, further, that ferro-concrete vessels for river 
or canal or harbour work have stood the test of time 
very well indeed ; comprehensive lists of such vessels 
have been printed so often lately that it is unnecessary 
to repeat them. 

On the other hand, we know that seacraft are sub- 
mitted to much more severe strains, and this is where 
doubt may arise. To overcome the difficulties which 
confront ferro-concrete seacraft, one must first of all 
realise them fully, and recognise the inherent drawbacks 
of the material. It is then comparatively easy to devise 
means for removing the disabilities. That there will be 
failures cannot be doubted. Most of them will arise from 
imperfect understanding of the effect of combined stresses. 
But the experience already at our disposal is sufficient to 
show that some of the difficulties encountered can be 
overcome by more careful designing, and there are good 
grounds for assuming that the ferro-concrete vessels 
which it is now proposed to build up to a certain size 
will have the necessary lasting qualities. The question 
now arises as to what is the limiting size of ferro-concrete 
ships, but before trying to give a tentative reply to the 
query it is necessary to face one of the great defects of 
ferro-concrete vessels, viz., their weight. 


VI.—WelcuT or Frerro-CoNncRETE VESSELS. 


It is so obvious that ferro-concrete vessels are heavier 


The important point is to make a comparison between 
vessels of the two classes and of same deadweight carrying 
capacity. The designs of vessels upwards of 1,000-tons 
deadweight prepared by the author's firm comprise one 
deck single-screw cargo vessels of 1,000-tons, 2,000-tons, 
4,000-tons and 6,000-tons deadweight, and the compari- 
son will be limited to those. It must be stated that the 
full detailed working plans for the larger units are not 
quite completed as yet, so that slight alterations in the 
figures here below given are possible. 

In the following tables the figures referring to the 
steel vessels have been kindly prepared by Mr. R. Cole 
and Mr. H. Burgess, of Messrs. Sir W. G. Armstrong, 
Whitworth & Co., Limited, the design of the ferro- 
concrete vessels has been prepared in collaboration with 
Mr. T. G. Owens Thurston, of Messrs. Vickers, Limited, 
and to them the author wishes to tender here his best 
thanks. 

The annexed Table I allows one to compare at a glance 
the main characteristics of the vessels. From the figures 
in that table another Table II. has been prepared, which 
gives the factor for converting deadweight carrying 





capacity into total displacement, both for the steel and 
the ferro-concrete vessels figuring in Table I. 

Diagram I. gives a graphic representation which 
enables one to see that the disadvantages attaching to 
ferro-concrete vessels in the matter of weight are greater 
in the case of small tonnage ; although ferro-concrete 
vessels cannot hope to become as light as steel vessels 
even for big tonnage, the disadvantage becomes less 
and less marked when the size grows. This is due to the 
fact that the minimum thickness of concrete which is 
necessary for practical reasons, even for small units, 
need not be increased at the same rate when tonnage 
grows bigger. Where 3 in. are necessary for a 1,000-tons 
cargo, a 2,000 tons requires hardly 4 in. 


TaBLeE I.—One-Deck Single-Screw Cargo Steamers. 
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to upper deck] 16 6| 16 9} 20 0} 20 %/ 25 0) 25 3/ 28 8) 28 6 
Mean draught} 14 9] 14 9 17 9} 17 9] 21 3] 21 3) 23 3) 233 
Displacem ent 
in tons 1600 | 2225 | 2910 | 3660 | 5550 | 6465 | 8240 | 9210 





























Taste II.—Factors for Conversion of Deadweight 
Carrying Capacity into Total Displacement. 


























Deadweight all told ‘ 
in Tons. | 1,000 | 2,000 4,000 | 6,000 
Steel vessels T 1.600 1.455 1.387 1.373 
Ferro-concrete vessels 2.225 1.830 1,616 1.535 
Taste IIIl.—Kxcess Displacement of Ferro-Concrete 


Vessels over Steel Vessels of same Deadweight Carrying 
Capacity. 











Deadweight all told 
in Tons. | 1,000 2,000 | 4,000 | 6,000 
Excess per cent. .. _ 39 25.8 | 16.5 11.8 











Diagram II. and Table III. show the variation of the 
extra displacement of ferro-concrete vessels, whereas for 
a 1,000-ton deadweight steamer the total displacement 
of the ferro-concrete vessel exceeds that of the steel 
vessel by as much as 39 per cent. ; for 2,000-tons dead- 
weight the excess is only 30 per cent.; for 4,000-tons 
deadweight, 18 per cent. ; and for 6,000-tons deadweight 
under 15 percent. It seems probable that for vessels over 
6,000 tons the excess may be lowered further still, very 
slightly, say, to 14 per cent. or 13 per cent., but that 
would seem to be the limit, at any rate, until new 
developments take place in ferro-concrete naval archi- 
tecture. But even as the case now stands, one might 
be tempted to say that the consideration of weight 
would not place any upward limit to the size to which 
ferro-concrete vessels may be built. There is, however, 
another important consideration which comes into play, 
viz., that of comparative cost, which has now to be 
inquired into. 


VII.—Cost or Ferro-Concrete SxHIps. 


The saving which can be effected by ferro-concrete in 
a certain class of vessel is due partly to the saving in steel, 

artly to the fact that no heavy plant is required for 
epesrnente work, and partly to the fact that the 
bulk of the labour empioyed need not be skilled, and is 
therefore cheaper. But if the last two factors remain 
the same whatever the size of the vessel, the first is a 
variable one. To start with it must be stated that the 
saving in steel is not as great as was wildly claimed at 
first by superficial designers who had not grasped the 
difficulties of the problem, a saving of 80 per cent. or 
even more as has been mentioned occasionally seems 
quite out of the question. Nevertheless the saving 
exists, and in some cases exceeds 50 per cent. or 55 per 
cent. which is not at all negligible. And in that respect 
itis as well when comparing figures to note that in ferro- 
concrete there is no waste of steel in the process of con- 
struction whereas it seems a recognised fact the weight 
of steel required for —e a steel ship is about 10 per 
cent. greater than that of the steel which is finally em- 
bodied in the structure owing to waste in cuts of plates, 
angles, rivet holes, &c. As far as stresses go steel is not 
used very economically for steel ships of small tonnage, 
but it receives a better utilisation when the tonn 
grows. By way of illustration, taking as units t 
stresses per square inch on the upper deck and on the 
bottom plating respectively for steel cargo vessels of 1,000 
tons deadweight, it may be assumed that the stresses in 
bigger vessels would approximately be greater in the 
ratio shown in the following Table IV :— 

Taste IV.—Ratio of Increase of Stress Tons per 
Square Inch. 








Deadweight in Tons | 1,000 : 2,000 | 3,000 | 4,000 | 5,000 | 6,000 
| 





On upper deck | 1 1.64 


1.94 


1.54 


2] 140] 1.58] 1.75 


| 1.18 
Bottom plating 1 | 1.2 
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It will be seen that steel vessels have to meet the same 
difficulty as ferro-concrete vessels in the case of small 
tonnage, viz., a bad utilisation of the full strength of the 
constituent materials. Whereas, however, in the 
case of ferro-concrete it is the concrete which is badly 
utilised (as far as its potential strength is concerned), 
in steel vessels it is the steel. In both cases the draw- 
back gradually disappears when the tonnage increases. 

A much better utilisation of the steel takes place in 
ferro-concrete ships of small tonnage, utilisation which 
cannot be improved upon very much when tonnage 
increases. It would seem that the important saving in 
steel resulting from the adoption of ferro-concrete for 
ships of small tonnage remains a fairly constant percent- 
age up to, say, 3,000-tons deadweight, but in the light 
of present designing that for larger unitsit would become 
gradually smaller. 

It is most difficult to give an accurate comparison of 
the prices for steel and ferro-concrete ships. The question 
is so beclouded by considerations of many kinds that it 
has been questioned whether the undeniable advantage 
which ferro-concrete offers to-day in this respect will 
remain when normal times return. The author feels 
unable to give precise indications which actual experience 
may alone procure. But it seems fair to say that on a 
pre-war basis one may estimate that the cost of the 
ferro-concrete hull is about 70 per cent. of the cost of the 
steel hull of same deadweight carrying capacity in the 
case of small tonnage, the saving becoming somewhat 
less important for bigger units. As against this one may 
set up the fact that the cost of machinery and outfit for 
concrete vessels is, approximately, 5 per cent. dearer 
than it is for steel vessels. 

In conclusion, the author wishes to apologise for the 
limitations of the paper and its shortcomings, of which 
none is more aware than himself, and to express his 
thanks, in addition to the persons named above, to the 
members of their respective staffs, whose help has been 
invaluable to him during his study of that most intricate 
and difficult question—ferro-concrete ships. 





ON LEAD-TIN-ANTIMONY ALLOYS.* 
By O. W. Extis, M.Sc. 


THE investigation now described had for its aim 
the determination of the applicability of certain of the 
cheaper ternary alloys of lead, tin, and antimony in 
the manufacture of small fittings subsequently to be 
submitted to tensile stresses varying in amount up to 
10 tons per square inch. While the results of the trials 
have proved of little value in the connection for which 
they were instituted, they may yet serve a useful purpose, 
particularly as certain of these alloys are now being 
utilised in the manufacture of die castings. They are, 
for this reason, published. Though the primary object 
of the research was the determination of the tensile 
strength of these alloys, Brinell hardness tests and tests 
in — ression have also been made and are here 
ine . 

The strengths in compression of a few of the alloys 
of lead, tin and antimony have been determined by 
Charpy, whose tests were made on prisms of the alloys 
in question, each prism being 15 mm. in height and of 
10 mm. square section. Only one of the alloys examined 
by Charpy falls within that portion of the system ex- 
amined by the author. The full list of Charpy’s tests is, 
however, given below :- 


Load Corres- Load Corres- 

ponding to a ponding to a 
Tin. Antimony. | Compression Compression 

of 0.02 Mm. of 7.5 Mm. 


per cent.| per cent. | kg. 
10 800 
20 1,050 
20 1,150 
20 1,350 
10 1,100 





The constitution of this system has been considered 


by Loebe,t and by Campbell and Elder.t The con- 
stitution diagram has been shown by these observers 
to be divisible into four areas, portions only of three of 
which have been dealt with by the author. That section 
of the constitution diagram with which this note is 
concerned is shown in the figure. The alloys that have 
been examined by the author are, for convenience, 


indicated in the diagram by circles, against which are |. 


affixed the numbers by which these alloys are designated 
below. All the members of the series, with the exception 
of No. 20, were chemically analysed subsequent to test, 
in order that due allowance should be made for possible 
errors in mixing or in manufacture. 

The alloys were made from high-grade metals of 
commercial quality. The lead and tin contained only 
traces of impurities; the antimony was not analysed, 
but a full analysis of one of the test-pieces failed to 
reveal more than traces of elements other than the three 
components of these alloys. The alloys were made up 
to 400 grammes in weight, and subsequent to melting 
were cast at as low a temperature as possible consistent 
with efficient pouring ; not more than traces of dross 
were observable on the “melts” prior to pouring. The 
alloys were cast in chill moulds } in. in diameter. The 
cast rods obtained approximated closely in general 
dimensions to the small fittings already referred to. 

* Note read before the Institute of Metals, in London’ 
March 14, 1918. 

+t Metallurgie, 1911, 8, pages 7 to 15, 33 to 49. 

t School of Mines Quarterly, 1911, 32, pages 244 to 255. 

















From the cast rods sections for the manufacture of 
tensile test-pieces were cut. Three of these test-pieces 
were fractured in turning—Nos. 13, 16 and 20—though 
the machining of the test-pieces as a whole was conducted 
with apparently equal care and skill in all cases. The 





Lead 
No. (by Tin. 


\ Antimony. 
difference). 





oucaven 


ov 


a 
> ae Oe OF De oe 
to WON RIM IOOmH OO 


om woe 
© OO Hm 03 0 Hm OD Hm OO BO me OO OO 


CDM DH AOOAUNOANSAUH WH Ae 





z 1 vt C ¢ 
DHOOM ADOHOHUIADON 


oow 


BSS ee tee et et et tt tt Pent 
KSSH AAUE WN HK COBAIN HWI 
. 


| 

| 
| 
‘| 





* Not analysed. 
residues of the rods were retained for manufacture 
into compression and hardness test-pieces. Unfortunately 
certain of the compression test-pieces were mislaid, and 
time has not permitted of the production of other test- 
pieces of the same composition. 


35% Antimony. 





962Tin 


The tensile test-pieces were 0.326 in. in diameter and 
1.155 in. between the gauge marks, the latter distance 
being four times the square root of the cross-sectional 
area of the test-piece. The compression tests were made 
on test-pieces having a sectiona] area of 0.25 sq. in. and 
having a length equal to twice the diameter of the 
samples. 

The following table includes the results of all the tests 
made on the alloys in question. 





Compression Brinell 
Yield- |Tenacity| Elonga-| Load in Tons| Hardness 
No. Point |Tons per} tion required to Number. 
Tons per) Sq. In. |per Cent.) Compress to | 10 Mm. Ball, 
Sq. In. Half-Length.| 200 Kg. 


| 
| 
| 
| 
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Broken in machining 
48 | 36 “= 
48 | 36 1.5 
Broken in machining 
.55 55 
.28 5.09 — 
.48 3.48 - 
Broken in machining 
3.75 | 5.62 ; 1.0 
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N.O.—Not observed. 

C.—Cracks in compression test-piece. 
8.C.—Slight cracks in compression test-piece. 
* Failed without compression to half-length. 








The results contained in the above table are con- 
sidered sufficient to merit the following conclusions: 
(1) That the effect of the presence of the tin-antimony 
compound in these alloys is such as to render the same 
brittle and weak; (2) that the general mechanical 
properties of the lead-tin-antimony alloys containing less 
than about 15 per cent. of tin are jmproved by the 
addition of antimony in quantities not exceeding about 
10 per cent. The lines AB and tin 15 per cent. 
appear to enclose the alloys possessed of the most 
satisfactory mechanical properties in a general sense; 
and (3) that, as far as that part of the diagram shown 





is concerned, the effect of increasing the content oj 
antimony in any alloy is to lead to an increase in the 
hardness of the same. There appears, however, to be 
a@ region of maximum hardness in the vicinity of the 
70: 10: 20 alloy. 





CATALOGUES. 

Electrical Machinery.—Messrs. Vickers, Limited, 57, 
Victoria-street, London, 8.W. 1, send a copy of a genera! 
catalogue printed in Russian, showing views of their 
workshops, typical electrical machines and large machines 
fitted with electrical drives of their make. English, 
French, Italian and Spanish editions of this catalogue 
were mentioned in our issue of February 8. The 
printing, both letterpress and illustrations, of the Russian 
editions, is very fine. 


Scientific Books.—This catalogue, issued by Messrs. 
Henry Sotheran and Co., of 140 Strand, W.C. 2, and of 
43, Piccadilly, W. 1, contains the titles and short 
descriptions of 3,883 books and issues of periodicals. 
There are 214 sets of proceedings of learned and other 
societies, and of technical and scientific journals. The 
general and collected works of various scientific writers, 
such as Robert Boyle, Diderot, Descartes, Foucault, 
Galilei, Hobbes, Huygens, Sir Isaac Newton, Playfair, 
Lord Rayleigh, and Thomas Young, carry the enumera- 
tion up to 413. Under ‘‘ Mathematics’ there are 928 
entries; Astronomy and Geodesy account for 295; 
Physics for 809; Meteorology and Physical Geography 
for 162; Chemistry for 349: Crystallography for 34; 
Chemical Technology for 163; Mining and Metallurgy 
for 180; and Engineering for 373; Seamanship, Air- 
manship, Naval Architecture and Engineering for 130. 
Very many of these volumes are out of print, and can 
only be obtained second-hand. In all cases the prices 
are quoted. The price of the catalogue is 2s. 6d. net. 


Steam Engines.—The central exhaust engine is des- 
cribed by Messrs. Cole, Marchent and Morley, Limited, 
Bradford, who also make all types of steam as well as oil 
and gas engines, as the “‘ideal steam engine for most 
power purposes.”” The catalogue gives due credit to 
the real inventor, Mr. J. L. Todd, whose patent is dated 
1885. The engines made by this firm range from 
100 i.h.p. to 2,000 i.h.p. and over; with one or two 
cylinders, horizontal, condensing. Piston drop valves 
are now definitely preferred to Corliss or double-beat 
drop valves. Widely fluctuating loads are taken, even 
with one cylinder. The steam consumption is more 
economical than the most highly economical compound, 
and generally equal to triple expansion engines. From 
half-load to 10 per cent. overload the steam consumption 
per brake horse-power is practically constant. ree 
examples illustrated in the catalogue are working at 
steam pressures of 70 lb., 150 lb. and 160 Ib., with wide 
variations of superheat. One is driving a direct-current 
generator, another is carrying a mixed colliery plant 
drive consisting of an alternator driven from the flywheel, 
and fans and air compressors from pulleys; another 
cold rolling mills. All are single-cylinder engines with 
single disc cranks. It appears likely that this type of 
steam engine will come much more largely into use. 


Micro-Telescope and Super-Microscope.—The Davon 
micro-telescope is described in a catalo distributed 
by Messrs. F. Davidson and Co., of 29, Great Portland- 
street, London, W. 1. Every telescope is, in a sense, 
a micro-telescope, that is, it is the combination of a 
telescope and a microscope. The objective produces 
in the air an inverted image of very small dimen- 
sions and the eyepiece magnifies this many times. In 
the Davon instrument, however, the objective is little 
more than half the focal length of the objective 
of the ordinary telescope, of the same diameter and 
the eyepiece gives a much larger magnification. In 
a test made by Mr. C. Vernon Boys, with a micro- 
telescope of only 5} in. focal length a Bellon’s French 
dictionary could be read perfectly at a distance of 
342 in. ; also, a circle of 3} in. in diameter could be seen 
at once all in focus and with no sign of colour with a 

in. microscope objective. Artificial double stars 
made by needle-pricks in tin foil, and viewed at a distance 
of 342 in., were seen clear, sharp and without colour. 
These ‘‘stars” subtended from centre to centre an angle 
of almost exactly 6 seconds of arc, and the test showed 
that the object-glass was up to the optical limit imposed 
by the size of the wave-length of light. Two micro- 
telescope attachments are made, one for any distance 
from 3 ft. to infinity, and one of short focus for micro- 
scopic areas, at 12 in. to 24 in. distance. This gives a 
microscope of moderate magnification which can 
used at a distance from the object under examination. 
By combination with a caméra microphotographs can be 
made. In the Davon es one microscope 
magnifies the aerial image produced by another micro- 
scope. It is claimed that magnifications up to 5,000 
diameters can be obtained ; the difficulties of resolution, 
of course, remain. Observations with the super- 
microscope can be made with a working distance of 
1 in., and a magnification of 250 to 300 diameters. 
Naturally high magnification requires very strong illu- 
mination to be useful. 





Woopen VESssELs witH STEEL Frames.—The Pors- 
grund correspondent of Tidens Tegn, as reported by the 
Anglo-Norwegian Trade Journal, says that Porsgrunds 
Mekaniske Verksted are contemplating, should the 
supply of iron and steel materials fall short, to build a 
couple of composite vessels, each of 1,300 tons. In these 
the frame arrangement will be of steel or iron, whereas 
wood will be employed for the remainder of the vessels. 








